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INTRODUCTION 


‘This, the 11th annual report of research and technologic work conduct- 
ed by the Bureau of Mines on coal and coal products, is issued following 
the closing of the Bureau's war work on fuels and contains references to 
most of the published articles containing zesults of war investigations. 
The few remaining papers will be discussed in next year's report. The 
trend coal research in the Bureau of Mines was discussed in Mechaniza- 
tion.4 This publication » covering the period from the close of armed con- 
flict to resumption of normal coal-research ectivities, includes a section 
never previously presented, There is included for the ‘first time a dis- 
cussion of the Bureau's activities in the Liquid Fuels and Lubricants and 
the Solid Fuels Subcommittees of the Technical Industrial Intelligence Com- 
‘mittee. This report does not replace the more comprehensive ones prepared 


Fieldner, Arno C,, Coal Res earch for 19 
1946, pp. 105-109. | 


; Mechanization, February 
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by individual authors and listed as footnote references in this publication. 
its purpose is to bring to the reader a résumé of the work for the fiscal 
year ended June 30, 1946. The material presented herein is based largely 
upon publications, but the results of some research and testing, which would 
not otherwise be published in the near future, are presented in detail. 
i SUMMARY 

The Bureau of Mines continued its studies and services for increasing 
the economy and efficiency-in: governmental, industrial » and domestic fuel- 
using operations. Analytical-testing programs were designed to develop sub- 
stitutes to overcome .the depletion ‘of high-grade coal resources » and proo- 
ess development went forward to utilize advantageously the great lignite 
deposits of the Northweste- 9 -- -'': °° eae : 


Services to Federal agencies: included ‘the sampling and analysis of. coal 
and tests of fuels and boiler-room equipment. Analyses of boiler water and 
recommendations on fuel. purchasing and boiler-water treatment were made. 

The coal-analysis Jaboratory: examined a’ total of 15,601 samples. Of these, 
2,910 were samples. of coal-mine- dusts: taken aa part of the safety progran 
for the reduction of dust éxplosions, 4;674 were samples of coal taken in 
connection with Government purchase and tipple and breaker inspections, -and 
,O17 were samples of .coal-and related materials examined for research and 
related groups. Types of fuel and fuel-burning equipment were determined 
for 37 new hospitals for the Veterans Administration. Consulting service 


ee sate 


atscyvrpee 


Five engineers of the Bureau of Mines were detailed to the Foreign Eco- 
namic Administration, to, serve under the’ Technical Industrial Inteliigence 
Committee to obtain the latest hitherto unavailable information on European 
Practice in the mining, preparation, and utilization of coal. Another was 
detailed to obtain information in Japan on low-temperature carbonization of 
coal. kim oe ge, BR 

With the close of the war » the National Fuel Efficiency Program was. 
terminated. Cooperation of 16,000 industrial organizations had been ob- 
tained, and the estimated savings had reached the rate of 5 ,000,000 tons of 
coal amounting to some $30,000,000 per year. rn rs 


The construction of a new-type Scraper-shaker-gangway loading machine 
is virtually complete, and tentative arrangements have been made to test 
this equipment and special Shearing machines in mining thin, steeply pitch- 
ing beds of anthracite. A. Study of utilization of light earth-moving equip- 
ment in bituminous-coal Strip mining was completed. The development of a’ ~ 
coal planer uncovered in Europe has been arranged. Five million tons of 
lignite minable at low cost by Strip-mining methods were proven.in a deposit 
in Washington. Exploration for coking coal, critically. needed for long-term, 
economically competitive operation of the western steel industry, was con- 
tinued in Colorado. Preliminary results of coking tests indicated coal equal 
to the best previously known western coking coal. Exploration was also con- 
ducted in Alabama for coking coal and in Maryland for highly desirable semi- 
Smokeless coal of coking quality and in Alaska for coal necessary for regional 
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use. More than 1,800 feet of drill cores from coal beds at seven explora- 
tion projects were studied in detail, and nearly 1,000 feet of coal from 
drilling received petrologic examination, chemical enalysis, and other tests. 


- Studies were made of coal seems in 11 States to determine their adapt~ 
ability to the production of a very low-ash washed coal for the production 
of synthetic liquid fuels by the hydrogenation process. It was shown that 
sane strip coal in the State of Washington, otherwise never mined, could be 
made marketable by washing. A study of the preparation characteristics of 
the thinner coal seems in the State of Maryland was undertaken, aimed at 
the development of these resources as the more important beds became depleted. 
A similar project has been initiated in Alabama as a part of a general drill- 
ing and exploration program. Assistance has been given Alaska and several 
South American countries to enable them to utilize their coal resources better 
through preparatory treatment. Improved preparation practice, combined with 
the use of the ash-removal stoker, has broadened the markets for high-ash 
coals with high-fusion-point ash. 


Four years of study, involving the use of 30,000 tons of coal, proved 
that subbituminous coal could be stored without danger of spontaneous heat- 
ing and little loss in heating value by using simple methods to prevent air 
‘ circulation within the storage pile. Advice on storage facilities and the 
storing of particular coals was given to the many Federal fuel-consuming 
facilities upon request. Investigation was begun of a new process, developed 
in Holland, for cleaning fine coal. Recoverable montan wax (hitherto im- 
ported) has been found in lignite from Malvern, Ark., and Ione, Calif. 


An investigation designed to minimize or prevent corrosion of boiler 
tubes has led to a procedure for evaluating various protective tube coat- 
ings. To obtain more efficient boiler design, studies have been made of 
the heat absorption in large central~-station boiler furnaces, in connec- 
tion therewith, the examination of the properties of coal-ash slag was con~ 
tinued. Slag properties are of interest in the utilization of Rhode Island 
‘anthracite in a slagging-gas producer designed to make rock wool as well as 
ges. To evaluate fuels from new processes and packaged fuels from various 
sources, using various binders, a test procedure has been developed. 


’ To offset the depletion of the best known coking coals under war and 
reconstruction demands, the survey of carbonization properties was continued. 
Examinations included the expanding, plastic, and oxidation properties, par~ 
ticularly as related to the adaption of various coals in the making of met- 
allurgical coke. Laboratory tests indicated that Beckley-bed coal fran West 
Virginia might be suitable for blending. with high-yolatile coal in coking 
mixtures, Coking and byproduct tests were made on three coals fram Colorado 
and four from West se as well as eotenen South American cools for the 


- Studies on the utilization of lignite showed that gas suitable for the 
reduction of iron ore or gas suitable for the synthesis of liquid fuels 
could be made in externally heated alloy retorts. 
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Investigations on synthetic liquid fuels are.carried out under Public 
Law 290 (78th Cong.) to develop processes for making gasoline and oil from 
coal, oil shale, and other substances and apply them on a demonstration- 
plant scale. This legislation was passed, funds were provided, and the 
work was started as the demand for oil products rose to unprecedented 
heights during the war and discoveries of oil th new fields in this country 
fell to about one-third of the annual requirements. The great war demand 
for oil no longer exists, but, contrary to expectations, the country's nor- 
mal demand ts now at about the same level as the peak reached during the 
war, and results from exploration are no better. These conditions indi- 
cate that the need for the synthetic-fuel work is greater now.than it was 
at the time the legislation was passed and that it will steadily become 
more important as the country's industrial activity increases. 


Two processes are being studiod on the research and development scale 
for production of ofl and gasoline from coal. This work is in Pittsburgh, 
Pa., the nearby town of Bruceton, and Morganton, W. Va. Equipment now in 
operation provides for the production and testing of catalysts, preparation 
of coal, gases, and other raw materials for the processes, and the operation 
of two complete units of equimment for the continuous synthesis of oil and 
gasoline from coal. Other synthosis units, producing up. to about a barrel 
of oil a day, are being completed and will be in operation as soon as lab- 
oratory space is available in new Pane that are being erected and will 
be available this fall. 


"Significant progress has been made ta one of the processes, both in 
preparation of the catalysts and in removal of the heat of reaction, which 
has been one of the bottlenecks in the design and construction of large 
units of commercial equipment. It is estimated that by this process these 
improvements can cut production. costs in half, Similar possibilities for 
Suiting costs are in Bight for the second process for making oil from coal, 


A demonstration plant to produce 200 barrels of oll a day by the hy- 
drogenation of coal is being designed for erection at Louisiana, Mo., on 
the site of the Government-owned synthetic-ammonia plant located there. It 
is expected this plant will incorporate the major features of design worked 
out in the development program. 7 


‘Tests of new permissible explosives, permissible samples collected in 
the field, and new types of industrial explosives seeking to utilize sur- 
plus militery stores were made. Two new Steven were added ue the per- 
missible list, which now includes 180. —_ if 

An extensive investigation on ‘the hazards of toxic gases from sheathed 
. explosives established the limitations of such explosives and the conditicns 
under which they may be employed. Industrial cooperative studies were made 
on the performance and hazards of liquid-oxygen explosivés, which will be 
of material aid to field operators, 


Significant advances have been made in the accurate determination of 
hazards of static electricity produced by friction or successive contact 
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and separation of unlike surfaces, in the manufacture, storage, and use of 
explosives and inflammable substances. The precise measurement of the 
electrostatic charge acquired by. personnel and emer during typical 
operations enabled setting up safety standards. 


Study of the ignition of firedamp by explosives revealed that the geo- 
metry of the explosive and the positim of the detonator rorateye to the 
charge play an important role. in the ahi PEOCORS 


Special inquiries fron industry and. other Government agencies brought 
about investigations of the use of hydrogen peroxide as ah oxidizing agent 
in explosives, in the evaluation of hazards in specific. industrial oper-~ 
ations, and in devising methods of measuring rates of detonation with a 
high degree of precision. 


Further tests in the experimental coal mine ieoncatred with the safe 
use of larger explosive charges have confirmed the desirability of contin- 
uing the 3-pound a aaa limit for Geet mining in lieu of the pre- 
vious 1-1/2-pound limit. =. 


Knowledge of the mechanism of ignition of explosive gas mixtures oe 
electric sparks has been advanced ae the accurate Seamer of minimum 
spark energies for ignition. =. 


Fundamental studies of flame have. developed etyeipide governing the 
performance of gas burners that will aid in the spell designing or 
burners, including jet burners of all types. - 


For the first time, research has made it possible to state conditions 
for eliminating explosions in: ‘meadium-pressure acetylene generators by add- 
ing prescribed amounte of hydrocarbons such as naturol gas, propane, or: | 
butane to acetylene as it is produced in the generator. Solid and gaseous 
products of unusual interest. wore found to result from explosion of such _ 
mixtures. Other investigations of cambustible materials involved deter- 
mination of minimum ignition temperatures, limits of inflommability, pre- 
vention of gasoline and naphthalene explosions ‘and the use of helium or 
Freon in explosion preventicn. —~ 


Over 60 samples of industrial: ‘dusts and powders for special purposes 
submitted by industry, some of which had already caused explosions end fires, 
were studied for their hazardousness,..and recomendations for preventing 
such explosions were formulated. ) 

ACKNOWLEDGMENTS 


This veport. faciudse See Gene under the technical direction of the 
following members of the eteff of the ‘Bureau of Mings: | ! 


1792 25 ¢ 


Google 


‘I. C. 7417 
FUELS AND EXPLOSIVES BRANCH 


A. C. Fieldner, chief 
P. M. Ambrose, assistant chief 


Coal Division 


Louis C. McCabe, chief. 

H. S. Auvil, supervising engineer, Coke Section, Tuscaloosa, Ala. 

Je W. Buch, supervising engineer, Anthracite Mechanical Mining Section, 
Wilkes-Barre >» Pa. 

H. M. Cooper, supervising chemist, Coal Anelysis Section, Pittsburgh, Pa. 

Je “D. Davis, supervising chemist, "Coal Carponization Section, Pittsburgh, Pa. 

Thomas Fraser, supervising engineer, Coal-Preparation Section. 

D. C. Gernes, engineer-in-charge, Grand Forks, N. Dak., pilot plant. 

B. W. Gandrud, supervising engineer, Coal Preparation Section, Tuscaloosa, 
Ala, 

H. P. Greenwald, superintendent, Central Experiment Station, Pittsburgh, Pa. 

VY. F. Parry, supervising engineer, Subbituminous Coal and Lignite Sectian, 
Golden, Colo. 

W. . Reid, supervising engineer, Combustion Research Section, Pittsburgh, 

Qe 

A. Selvig;, supervising chemist, Coal’ Constitution and Misceliancous Tests 

Section, Pittsburgh, Pa. 

a Toenges , supervising engineer, Bituminous Coal Mining Section, Pitts- 

urgh, Pa. 


F. Yancey, supervising engineer, Northwest Experiment Station, i Seattle , 
Wash. 


= 


ig 


= 


Fuels Utilization Division and Solid Fuels Utilization for War Division 


J. F. Barkley, chief. 

L. R. Burdick, supervising engineer, Fuel Economy Service Section. 

T. C. Cheasley, supervising engineer, National Fuel Efficiency Section. 
N. H. Snyder, supervising engineer, Fuel Inspection Section. 

A, A. Berk, supervising chemist, Boiler Water Research Section. 

L. Goldman, supervising chemist, Boiler Water Service Section. — 

R. E. Morgan, supervising engineer, Coal Storage and Substitution Secticn. 
L. D. Schmidt, i a aca 5 Coke oe aurvey: Bechet 


‘o 


Office of synthetic: Liquia Fuels 


W. C. Schroeder, chief. 

Je D. Doherty, assistant chief. 

L. L. Hirst, chief, Hydrogenation Demcnstration Plant Division, Louisiana, 
Mo. 

L. L. Newman, chief, Foreign’ Synthetic Fuels Division. 

W. W. Odell, chief, Synthesis Gas Production Division. 

H. H. Storch, chief, Research and Development Division, Pittsburgh, Pa. 


M. A. Elliott, assistant chief, Research and peer Division, Pittsburg, 
Pa. 


1792 - 10 - 


Google 


est 


I. ‘C. T7417 


Eapiosives Division ..-°: «::+ 


Bernard Lewis, chief, Pittsburgh,’ Pa. 

W. J. Huff, consulting explosives chemist, pie. Pat, y Ma. 

F. W. Brown, supervieing engineer ; Explosives Researeh Section, Pittebiingh : 
Pas 

A. R. T. Denues ) “supervising ah inear:! ‘Explosives Utilization Section, 

G. W. Jones, supervising chemist, Gaseous Explosions Section, Pittsburgh, Pa. 

J. E, Tiffany, supervising Mewere ,» Explosives Testing Section, Pittsburgh, 
Pa. 

Guenther von Elbe - gupervieing chentee, Physical. Ghentetiry and Physics. Sec- 
tion ’ Pittsburgh » Pa. 


ERALTH. ‘AND: SAFETY BRANCH 
D. Harrington, chief 


J. Je Forbes, chief, Coal. Mine a ea Division, and: peor chief, 
Health and Safety Branch... : 

W. J. Fene, assistant chief, Coal. Mine i hae Divieion.: 

S. H. Ash, chief, Safety: Division. | 

' He H. Schrenk, chief, Health Division, Pittsburgh, Pa. 


Acknowledgment is made. ’ also, -of the cooperation: of ve following in- 
gtitutions and organizations: 


American Society of Mechanical Engineers - Rhode Island State College 
American Society for Testing Materials . University of Alabama 
Colorado School of Mines. . University of North Dakota 
Canbustion Engineering .Co. | University of Washington 


‘ORIGIN, COMPOSITION ) AD PROPERTIES OF COALS 


Inspection, Sompling, and Analyste 


A shortage of coal existed throughout the. year, and, in ‘witisid Govern- 
ment agoncies had difficulty.in obtaining enough coal.to meet requirements. 
The Office of Indian Affairs, the Department of Justice, and, to a limited 
extent, the War Department purchased cool on a guarantéed-analysis basis. 
The rest was purchased on a flat-price basis and in scme instances was ob- 
tained through directives ‘by the Solid Fuels Administration for War. Con- 
sulting service, including in same. instances the analysis of bids and rem - 
commendations of awards and recommendations on coal specifications, was 
given the War Department, Navy Department, Department of Justice, Post Office 
Department, Procurement Division, Treasury Department, and Department of the 
. Interior. Coal purchases by Federal Agencies: during the fiscal year were 
Originally estimated’ ‘at 10,000, 000 tons, tho: War’ Department being the larg- 
est purchaser and the Navy Department the second largest. Mahy War Depart- 
ment posts were closed during the year » resulting in a decrease in the ton- 
nage actually purchased. 
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Analyses were furnished all. purchasing agencies for use in evaluating 
coal bids and for use when substitute coals were offered. In connection 
with contracts for furnishing this coal, 4,672 reports on proximate or ulti- 
mate analysis ‘and ‘heating value of coal and 1,893 reports on fusing temper- 
ature of ash were issued to Federal Agencies. These reports provided anal- 
yses for price adjustment where applicable and for other action as provided 
by the contracts, such as cancellation of contracts, refusal of further: 
shipments, and rejections of coal. a ede es 

Coal sampling at Army posts, begun in. September 1943 upon request of 
the War Department, wes continued, and particular attention was given to 
instructing Army personnel in proper methods of sampling. In all, 1,442 
visits were made to Army posts and 1,343 samples were collected. Upon the 
request of the War Department, coal loaded for export was inspected and 
sampled at the posts of Pensacola, Fla., Mobile, Ala., and Charleston, 

S. C., and, to determine suitability of coal for export, inspections were 
made at 18 mines in Alabama. i 


Sampling at Pennsylvania anthracite breakers, begun-in November 1943 
upon the request of the Solid Fuels Administration for. War, was continued, 
and 144 samplee were collected at 40 breakers. As e result of ‘this work, a 
number of breakers were shut down, others installed new cleaning equipment, 
and in general the quality oF anthracite shipped was improved. Upon ‘the re- 
quest of the Office of Price Administration, 69 samples of Pennsylvania 
anthracite were collected at railroad weigh scales for the purpose of pro- 
viding data upon which to base price adjustments for substandard coal. 


Visits were made to 29 agencies of the Indian Service for the purpose 
of checking sampling methods and instructing Indian Service personnel in © 
proper sampling methods. Samples of coal were collected for special pur- 
poses in various States. The coalg included 38 face samples and 11 five 
hundred-pound samples at 11 mines in Alabama to determine suitability of the 
coals for use in a Lurgi pressure-type gas generator; 7 samples ranging from 
250 to 1,000 pounds for hydrogenation tests; and 5 samples for microscopic 
examination at 6 mines in Illinois;- two.1,000+pound samples for hydrogena- 
tion tests and two for microscopic examination at 2 mines in Missouri; 65 
samples at 60 mines in Utah, 30 samples’ at 22 mines in Wyoming, and 1 sam- 
‘ple at 1 mine in Idaho for preliminary carbonization tests at the Golden 
Station; 1 sample at a mine in Illinois and ] at a mine in Colorado for 
tests on prolonged air-drying loss; 2 samples at 2 mines of Pennsylvania 
Semianthracite for microscopic examination; and the following samples for 
analysis for the gerieral use of Federal Agencies in determining awards of 
contracts and for information for public use: 62 tipple samples at 21 
mines in West Virginia, 1 tipple sample at 1 mine in Pennsylvania, 6 tipple 
Samples at 2 mines in Ohio, 54 tipple samples at 16 mines in Illinois, 1 
tipple sample at 1 mine in Colorado , 15 tipple samples at 3 mines in Montana, 
G1 tipples at 29 mines and 4 face samples at 4 mines in Wyoming, 149 tipples 
at 56 mines and 38 face samples at 10 mines in Utah » and 3 tipple samples at 
.1 mine in Idaho. . | : i : ae 
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Analyses of Alaska Coals | 


A seme ietied? of analyses of Alaska s was published and is another 
in the series of technical papers describing coals of individwal producing 
States. The geology of the coal fields, production, distribution, uses, and 
the relationship of mine samples to cqmmercial shipments were discussed. 
Descriptions of mine and delivered samples included chemical analyses, 
calorific values, classification by rank, agglomerating indices, and fusi- 
bility of ash temperatures. Descriptions were given of the location, thick- 
ness of bed, nature of floor and roof, and partings of a number of oper- 


ating mines. <A map of Alaska shoving a ae areas known to contain 
coal was included. 


Data on Coals in District No. “Western Kentu 


A data pook®/ giving information on, eset produced in western Kentucky 
(Producing District No. 9) was published and is another in the series here- 
tofore prepared by the Office of the Bituminous Coal Consumers' Counsel. in 
collaboration with the Bureau of Mines. The book contained descriptive 
tables of direct rail-connected and ramp-loading mines, with seam names, 
mine index numbers, and originating railroad or river, maps showing their 
locations, and tables Giving ea analyses (with usual. ranges) by seams 
and counties. 


The number of samples analyzed in connection with Government fuel pur- 
' chases declined slightly owing to reduction in force of several samplers 
after the termination of hostilities. Samples analyzed for the War and Navy 
Departments accounted for 74 percent of the Federal samples. Research of 
the Bureau on exploration, ‘preparation , and utilization of coal and coal 
products required analysis of 5,017 samples. These samples came from 16 
Braves ' Alaska, Chile, China, Ireland, Italy, and Peru. © 7 


Assistance was given to Federal coal-mine inspectors by analyses of 
5,910 samples of coal mine-dust collected on the ribs, roofs, and floors of 
908 coal mines in 18 States. These analyses were used in determining whether 
corrective recommendations were necessary at specific. menen and in formu- 
lating the recommendations where necessary. Meee 

 * In ‘addition to analytical ‘services given to the Beverat. sectiens of. 
the Bureau of Mines and other Federal Agencies in analyzing 15,601 samples 
requiring 164,533 determinations, portions of samples recently analyzed were 
sent to 14 coal laboratories or. schools for. the purpose of checking equip- 
ment and for student use. 


Fieldner, A. C., Gates, ae 0., Bell, C. H., Anderson, R. L.; Snyder, 
N. H., Cooper, H. M., Abernethy, R. F., Tarpley, E. C.:, and Swingle, 
R. J., Analyses of Alaska Coals: Bureau of Mines Tech. Paper 682, 
1946, 114 pp. 

Sf : Fieldner, A. C., Sweeny, Harry P., Rice, W. E., and Moran, Be E., Typi- 

| cal Analyses of Bituminous Coals Produced in District 9: Bureau of 

Mines Data Book, vol. 6, 1945, 32 pp... | 
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Constitution, Properties, and Analytical Methods 
hae ee Waxes in United States Lignites 


Solvent sri ventiod of certain German brown coals with either benzene 
or a mixture of benzene and alcohol yields an extract that. is térmed mon- 
tan wax. The montan-wax industry prior to the war had been developed ex- 
tensively in Germany,. as the wax finds use in many industrial applications. 
In 1939, over 7,000,000 pounds of montan wax was imported. into the United . 
States, nearly all-of which was shipped from Germany.- As little informa-. 
tion on the petential use of American low-rank coals as a source of wax is 
available, an investigation is in progress to determine the nature and 
emount .of material extractable from such coals. 


Preliminary extractions of dry lignite with benzene as solvent have 
been made on samples from deposits in Arkansas, California, North Dakota, 
Texas, and Washington. The results show that a considerably greater. quan-' 
tity of extract was obtained from the samples examined fran Ouachita County, 
Ark., and Amador County, Calif., than from the other sources. The Arkansas 
and California lignites gave 6 to 7 percent of extract on a dry-coal basis, 
whereas the North Dakota, Texas, and Washington samples usually yielded 
less than 1 percent of extract. Slightly higher yields were obtained frem 
air-dried samples than from samples dried at 105°C. If an azeotrodpic mix- 
ture of benzene and:alcohol is used as.solvent, considerably higher yields. 
of extract are obtained from air-dried samples than if benzene is used © 
alone. Yields of extract from the Arkansas and California lignites are as 
high as 11 to 13 percent on a dry-coal basis using the benzene-alcohol: mix- 
ture as solvent. The properties of the wax extracted from a sample-of — 
California lignite is dependent samewhat on the solvent used in the extrac- 
tion. The acid number and saponification number both increase ‘with increase 
in the amount of extract obtained. The melting point, ester Bumper) ae and 80~ 
called "resin" content show only small differences. 


Although a number of tests have been used for ‘evaluating citea wax, 
those most quoted in the literature are the melting point, acid number, =. 
saponification number, ester number, and "resin" content. The term "resin" 
is usually applied to those constituents that are more soluble in solvents 
as ethyl ether, ethyl, acetate, ethyl alcohol, and: benzene-alcohol mixtures — 
at or below room temperature than is the true ester wax. The results that 
have been compléted indicate that the waxes. from the Arkansas and Califor- — 
nia lignites examined have properties similar in many respects. to crude. 
mcntan wax fran German brown coal. One difference so far detected is that 
the waxes examined = have a eRAgier "resin" content than crude commercial 
montan wax. ; 


Analyses of higecis seus Materteds 


A total of 195 samples of miscellaneous materials was.analyzed and re- 
ported during the.year., The samples represented a wide variety of materials 
for which chemical analyses or ‘tests were requested in connection with in-— 
vestigations of soak en ‘or = Droplets concerned with health a 
safety. . 
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Forty samples, including 25 catalysts, were analyzed in connection 
with the Synthetic Liquid Fuels Program. Twenty-four of the catalysts were 
collected from German synthetic liquid fuel plants and were analyzed to 
identify the active constituents. Molybdenum was determined in a molybdenum 
catalyst and in three catalyst residues from a converter. Tin was deter- 
mined in a residue from coal hydrogenation where tin sulfide was used as a 
catalyst. Water from a gas holder was tested. for sulfur, and seven samples 
of kieselguhr, distilled water, water conditioner, and magnesium oxide used 
in preparing catalysts for Fie oe synthesis were examined for in- 
purities. 

Seventeen samples of coal were aienysea for water-soluble chloride as 
@ part of a study of the preparation of coal adaptable for use in coal hy- 
drogenation. On an air-dried coal basis, the amount of chloride calculated 
as Cl ranged from O percerit each for a Montana and a North Dakota coal to 
0.36 percent for an Indiana coal. Samples of ash from another series of 23 
samples of coal were analyzed for Si0p, Feo0z, Cad, and Mnz0),. | . Fifteen of 

the ash samples represented 1-1 /2-inch by Pionesh ¢ coal mines in Illinois, 
Indiana, Kentucky, Montana, North Dakota, Ohio, Pennsylvania, Utah, West 
Virginia, and Wyoming. Hight samples represented float on 1.60 specific 
gravity of 3/8-inch by 1l4-mesh coal from eight of the same mines. Fusain 

in two samples of coal was determined by a chemical oxidation method. A 
sample of minus 5/8-inch raw screenings from Illinois No. 6 bed coal con- 
tained 5.0 percent fusain, and a channel sample of Pittsburgh-bed coal from 
the Experimental Mina‘ containéd 4.2 percent. In comparison, relatively in- 
,ert organic material determined petrographically by the powdered-coal method 
in the same samples was'4.4 and 5.0 percent, respectively. — 


A total of 50 analyses was made in connection with fuel engineering 
service of the Bureau of Mines: to other Government agencies. These samples 
included 11 boiler-water compounds, 2 samples of tannin used in boiler- 
water treatment, 16 boiler scales and deposits, and 2 boiler waters analyzed 
in connection with work on boiler feed-water conditioning in Federal power 
plants. Also, 3 external deposits .on boiler tubes, 5 fly ashes, and 11 de- 
posits on air-preheater plates of stecm plants were analyzed as Pere of in- 
| eerie ate of corrosive Ss deta on boiler surfaces. 


| Nineteen samples of etae.. residue, coke ash, and limestone were analyzed — 
in connection with tests of a slagging-gas producer using Rhode Island an- 


. thracite for the direct production of mineral wool. 


Nine samples: of petroleum: coke contained O% 02 to 0.05 percent silicon 
and 0.05 to 0.09 percent iron.’ Three samples of. foundry coke contained 
0.Q08 to 0.023 percent phosphorus, which is considerably under the maximum 
of 0.09 percent permitted in the specifications. A face sample of coal 
from Pierce County, Wesh., contained 0.08 percent phosphorus. A sublimation 
product collected from the surface of a smoldering refuse dump at the Cado- 
gan mine, Armstrong County, Pa., contained mainly free sulfur and ammonium 
chloride. Iron was determined in the ash of ltgnite, char, blow-over dust, 
and sludge from a test run at the Bureau of Mines lignite-gasification 
plant at Grand Forks, N. Dak., to assist in making.a materials balance. 
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Five samples of limestone and four samples of fly ash were examiried to 
determine their suitability for rock-dusting coal mines to prevent the prop- 
agation of coal-dust explosions. The fly-ash samples, representing fine 
ash from furnaces burning powdered codl, were considered unsuitable for 
rock dusting because they were highly siliceous and contained 6.3 to 8.4 
percent combustible matter, which is more than the maximum of 5 percent 
allowed in Mine Safety Board Decision 32. Four of the five limestones ‘ex- 
amined were of sufficient purity to be suitable for rock dusting. Flash 
and fire points were estimated for a sample of gilsonite submitted by the 
Michigan Department of Health for tests of explosibility of the dust. A 
sample of resin removed from an Army Ordnance canister containing steel 
balls imbedded in resin was tested to determine its softening point, flash 
point, and fire point as part of a study of the feasibility of using sur- 
plus canisters as steel scrap. Phosphine was determined in acetylene pro- 
duced from two samples of calcium carbide in connection with investigations 
of explosions of acetylene generators. The remaining 14 samples examined: 
included anthracite ash, mine water, -and clay. 


Electron Microscope Studies of Coal and.of Fischer-Tropsch Catalysts 


Although used for other purposes, the slectron microscope was applied 
mainly during the year to studies of coal petrography and catalysis of syn- 
thetic liquid-fuel processes. Electron micrographs .of aluminum powders re- 
vealed particle size and shape differences that accounted for their varying 
susceptibilities to rapid ignition and explosion. Electron micrographs of 
carbon blacks resulting from the ignition of acetylene and other gases 
showed that the particles were spherical and of a range of size similar to 
commercial carbon blacks. 

i 

A large number of electron micrographs has been made in a study of - 
various types of kieselgubrs used as carriers in Fischer-Tropsch cobalt 
catalysts. Preliminary tests have shown that the type of kieselguhr has 
same effect upon the catalytic activity. Varieties from Portugal and Ger- 
many, presumably used in successful Fischer-Tropsch catalysts - (the former 
in England), and American commercial types have been tested ‘to determine 
bulk density, pore volume, surface area, chemical analysis, and X-ray aif- 
fraction characteristics, and the resulta have been combined with the elec- 
tron microscope study in a publication../ Figure 1 illustrates the particle 
size and shape characteristics of samie of these kieselguhrs. The magnifi- 
cation of the micrographs, 2,000X, is rather low for the electron micro- 
scope, but diatoms are comparatively large specimens for which greater en- 
largement is not required. The Portugese kieselguhr is characterized by 
small, compact particles, many of which do not show the porous structure 
predominating in other types. Disk-shaped structures averaging 5 microns 
in diameter are the most common regular forms, In the German varieties, 
such disk-like skeletons are numerous, and nearly all of the particles are 
of porous regular design. These foreign varieties presumably are from 


U/ Anderson, R. .B., McCartney, J. T., Hall, W.-K., and Hofer, L. d. E., 
Properties of Kieselguhrs Which may Determine Their Suitability as 
Carriers in Catalysts: Ind. and Eng. Chem. (In press.)-- 
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Figure |. - Electron micrographs of varieties of kieselguhr 
proposed as carriers in cobalt catalysts for the 
Fischer-Tropsch synthetic liquid-fuel process. 
A, Portuguese; B, German; C, Johns-Manville 
Filter Cel; D, Jonns-Manville Hyflo Super Cel; 
E, Dicalite 911; F, Dicalite 637T. 2,000X. 
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Figure 2. - Electron micrographs of phases of hydrated iron 
oxide occurring in catalysts for the Fischer- 
Tropsch synthetic liquid-fuel process. A,e@C 
-FeO0H; B,p -FeQOH; C, 8 -FeOOH. 5,400X. 
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fresh-water deposits. All the American types examined were derived from 
extensive beds in the Lampoc district of California and are known to be of | 
marine origin. Of a number of grades tested and micrographed, the two 
shown represent the extremes in particle size. The Filter Cel is a natural 
material, whereas the Hyflo Super Cel has been flux-calcined. Most of the 
particles are very porous, with rod and plate forms apparently exceeding. 
the disk type in number. The Dicalite Samples come from various American 
beds, sane of fresh-water origin. The two illustrated are from such de- 
posits in Oregon and Nevada. They apparently contain more circular and 
fan-shaped forms and fewer rodlike particles than the Johns-Manville marine 
types. Correlation of the physical properties of these kieselguhr carriers 
with catalytic activity will be attempted in later publications after fur- 
ther testing. This summary of the physical features of various available 
types is presented for general interest to the users of such materials in 
industrial applications. 


Tests were made on iron catalysts for the Fischer-Tropsch process, 
prepared in different ways in the search for the basic reasons for their 
varying degrees of catalytic activity. Electron micrographs have been 
made of a number of these catalysts. and of different forms of iron oxides 
that occur in them. Some of the latter are illustrated in figure 2, which 
shows thed,_/@3, and 2®” forms of the hydrated iron oxide FeOOH. Marked | 
differences in size, shape, and crystal form can be seen. The particles 
of -< -FeOOH are smallest, of fairly uniform size (ebout 0.1 micron in 
diameter), and approach spherical shape. The rod-shaped particles of 4 
-FeOOH, about 0.7 micron long and 0.1 micron in diameter, are suprisingly 
uniform in size. 3~-FeOOH also consists of perticles of fibrous nature 
but varying considerably in size. Another common oxide found, o& -Fe,0 3) 
is similar to ©-FeOOH in appearance. These micrographs can be used as 
standards, in conjunction with X-rey diffraction data, to Pas the 
various phases present in iron oxide catalysts.. 


A Method of Petrologic Analysis 


_A new petrologic method has been devised for obtaining comparative in- 
formation from standard samplos of commercial.coal. The new procedure com- 
bines the high level of optical resolution of components inherent in thin- 
section preparations with a method of sampling that can be expanded to . 
serve any practical accuracy expectation. A new area of petrologic study 
is opened for investigation by this method to include such diverse materials 
as deduster dusts, carbonization blends, and fractions of coal fram verious 
stages of preparation schedules. The crux of coal sampling has always been 
to obtain enough coal particles so that all variations in the .coal are re- 
presented proportionately. Single pieces of coal were needed for indivi- . 
dual sections in all previous. studies that utilized the property of light - 
transmission. A prohibitive number of sections was therefore required to 
obtain edequate ‘sampling. of a commerciel lot ‘of coal, even if the pieces 
too tiny to section formed a small enough proportion. of the whole to be | 
| disregarded. | ‘Actuqlly, the fines of a commercial sample should never be . 
disregarded, because this fraction, though it may be a small percentage of 
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the whole, represents an extreme of camponent segregation, and a small per- 
centage of fines influences -tho Aiea i sia as of me. whole oad 
to a sa et a het aaa extent. | : Mh. 3 


ae Tatho2ogy: ‘of the: ‘goal: = that is, the occurrence ana distribution of 
catiponents = is. important. in ‘conditioning segregation of. the yarious petro- 
logic entities, . Thus, same. coals have an even and consistent enough dis- 
tribution of diverse elements, so that very little segregation can occur 
in the sizes produced by normal breakege or crushing. . Other coals show | 
important-tendencies. of. component segregation in the same range of sizes 
‘because of’ more irregular distribution of the various constituent. materials. 
In order to determine the effects of lithology upon segregation, it is ne- 
cessary. to use. petrologic concepts that have compositional and not litho- 
logic connotation. .Both-vitrain and anthraxylon have certain lithologic 
as well as compositional connotations in guantitative petrology, inasmuch 
as fragments of similar optical character , but which: occur in fragments © 
smaller than critical and arbitrary sizes, are excluded fram them. In re- 
cent work at the Bureau of Mines, .vitrain is interpreted as a megascopic 
ingredient, including bands thicker than one-half millimeter... Anthraxylon 
in a microdetermined constituent that includes all bands thicker than 14. 
microns. © These bands correspond to vitrain, so far as composition is con- 
“cerned. ‘The complete amount of material in « coal sample that is preserved 
in the same. way as oanthraxylon or as vitrain is referred to as vitrinized. 
This constitutes. a larger fraction of coal and one that is’ not defined by 
reference to .any thickness of occurrence. It is regarded, therefore, as 
a primary: -camponent, and it con be measured at high magnification by the 
pulverized-coal mothod to establish the influence of ii thology upon —— 
o— ee 


e Coal repeated for comercial ‘utilization is froquently.:. eiachea ’ BO - 
that composition rather than lithology is a daminant consideration. Pul- 
verized-coal analyses can be used comparativoly to establish what influence 
petrologic composition has upon utilization properties. Because of limita- 
tion in sampling, this phase of petrologic study could not be undertaken 


_ systematically previously. It now seems feasible, as a ‘youtine method, to 


- determine. the. petroiogic composition of prepared fractions and of other’ 
_ commercial-type eenynce with a. pper aye accuracy. or about, one-half of 
one kaa ; 


‘the method: djewelves careful hand ‘crushing of the eiade for analysis 

to pass ari G0-mesh screen. The minus 80-mesh sample.is then separated in- 
to e fine and coarse fraction by means of a 325=mesh-screen. The two re- 
‘sultant fractions are compressed into 1-inch-dianeter.briquettes by using 


7 a email amount of water-glass binder and approxinetely. 60,000 p.sei. ... 


‘" pressure. . The briquettes. are dried end further hardened by: impregnating 

‘with ‘carnauba: wox, (mp. c2 85°C.). Resultant briquettes are hard, and can 

be’ sawed, smoothed, and polished by. the same methods used in sectioning 

- Integral coal specimens. Skillful preparation results. in sections. that 
noe aandemensi resolution of the components of soo oriented partioles. 
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eianeitative geterminations of conetituents are made at 450X occular 
magnification. At this magnification, even the most dispersed components 
are clearly resolved; the largest individual particles in the 80 x 325-mesh 
briquette are smaller than the single field of view, and so no small group 
of particles can fortuitously monopolize the quantitative determination. 


The primary entities determined include (1) vitrinized matter; 

(2) yellow, waxy matter (spore coats, cuticles, and other similar optical 
material); (3) various forms of opaque matter, including fusain; (4) trans- 
lucent mineral matter; (5) pyritic mineral matter, and (6) open intereti- 
tial space. Determinations are prepared on a visually pure basis by arith- 
metic rejection of items (4), (5), and (6). In other words, significant 
values are determined as nearly as possible by. visual methods on the ore 
ganic coal substance alone. 


In preliminary work, areas equivalent to 100 solid micro fields of 
visually pure coal substance have been determined for each sample. Areas 
determined are selected on an arbitrary 1/2-millimeter spacing grid on each 
section to avoid any possibility of bias due to selection of areas. Each 
of the pulverized-coal sections is studied proportionately to the percent- 
age of sample represented by their resdéctive briquettes. Thus, if the 
"80- by 325-mesh briquette equals 8&0 percent of the sample, determinations 
equivalent to 8&0 solid. micro fields of visually pure coal are established 
from it. 


Subsequent to proportional study of slides ree from both coarse 
"and fine fractions of.a sample, the results are combined arithmetically to 
give the final compositional values for the whole of the original sample. 
Precautions are taken agdinst any form of segregation or differential loss 
or inequitable determination of compdésitional constituents throughout the 
sequence of operations, with the exception of the one sizing operation 
using the 425-mesh screen, This division of the sample has seemed neces- 
sary in order to make the briquettes hard enough to withstand preparation 
of excellent-quality sections. It is hoped that modification of briquet- 
ting procedure may serve later to obviate the need for dividing the samples 
into two size fractions. The method as riow developed is practical in 
application and has provided information of relative precision on samples 
not amenable to detailed high-resolution microscopy by any previous method. 
It further has the distinct advantage of utilizing the same light trans- 
mission properties of the coal that have been extensively reported previously 
in analysis of colum specimens of American coal beds. No question, there- 
fore, enters regarding the essential compatibility of the petrologic en- 


° 
e e ‘ 
& @ 


The following tabulation of analyses (table 1) indicates the nature 
Of samples and results that are being obtained ey this pulverized-coal 
method of analys is. 
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‘TABLE 1. - Petrologic analyses of pulverized coal samples. 
(All results cxpressed on a vieually- pure basis. ) 


Organic inert 

Sr components 

Reactive components. ..| Opaque plus 

Vitrinized Yellow .. fusinized 
‘matter, |(waxy) matter, matter, 
3 percent percent "percent 

Pittsburgh coal bed ~ whole experi- ; a 

mental sample eceoeeeoceseseoaeeece 92.9 0.6 6.5 


Pittsburgh coal bed - air-separeted | 
dust fraction (approximately 
minus 100-mesh) .iccocecseoceces 


87.2 i ne 13.3 
Pittsburgh coal bed - concentrate ) | | 
fraction following elestrostatic | 
preparation of minus 10-mesh feo, yon 
coal Co eee rrersccresereseceroves 96.2 6 - 4 4.2 
Herrin (Illinois No. 6) coal bed - | | 
crushed rdw SCreeningS ..ccecece 94.5 | oh — 5.1 
Herrin (Illinois No. 6) coal bed - | 
eir-separated dust fraction 
(approximately minus 100-mesh) . 71.0 | 28.7 
Herrin (Illinois No. 6) coal bed - | 
concentrate fraction following © 
electrostatic preparation of 
minus LO-mesh coal oO 


0 ee ES OC CT EI A NY RE SEES > RTE RRR ie TREE Eve - 


Pittsburgh coal bed - 70 percent 
fraction of 1/4- x 10-mesh coal 


fron experimental head Somple ee 93.7 JY |- - 5.4 


frection of minus 10-mesh coal a are: ae ae 

from experimental head sample .. 92.0 1.0 7.0 

Pittsburgh coal bed - 64 percent 
float fraction at.1.50 sp.gr. 
from 1/4- x 10-mesh experimental 
sample eos oresesacsnoaordsoveses 


{ 
Pittsburgh coal: bed - 30 percent | 


4.8 
Pittsburgh coal bed - 17 seeeant. 
concentrate fraction obtained by 


experimental electrostatic prep- 
aration of 10 x 100-mesh coal .. 


Herrin (Illinois No. 6) coal bed - 
el percent fraction of tipple 
sample obtained by experimental 


electrostatic preparation of 10 
x 100-mesh cosa eovverecgerervece 


py) 
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are more creas than those tabulated. 


tt is serecaike that petrogiéiphic scapinaeion of different Seal fractions 
varies through a considerable range, oven for-the Pittsburgh coal bed, which 
is well-kmown for its general uniformity. Doubtless there are many coale. 
that show component segregation and concentration. due to various causes that 


_* 


one of the primary objectives of investigations = this method involves 

preparation of coal with a minimum concentration of organic inert matter for 
use in experimental hydrogenation. Both opaque matter and fusain are very 
difficult to liquify, and one of the desirable qualities for an ideal coal 

x hydrogenation is that it contains aminimum of such inert organic material. 


Incrt Organic Matter in Eastern Coals 
It has been recognized for many years that certain of the organic con- 


stituents of coal differ in reactive properties and could, in cortain in- 


stances, modify the behavior of coal. A concentration of these constitvents 
beyond a@ certain limit influences the carbonization properties adversely, 
and these constituents contribute hcavily to the unreactéd residue in the 
carbonization process. Unless they are present in an unusuaily pure con- 
centration, their effect upon combustion reactions is imperceptible, because 
reactions are influenced most by the most reactive of the matcrials prescnt. 
The concentration of more inert organic materials is most desirable where 
aggiomerating propertics are deleterious, as in gasification processes or 


: whero coal with free-burning ppc eons Bence is essential. 


In most, if not all, of the castern American’ banded coal deposits, the 
more incrt constituents occur in varying concentration through different 
layera of the coal beds. Some of the nonbanded, canncl, or’ boghcad coals 
have substantially uniform composition with a high concentration of inert 


_ constituents. More significantly, an even greater proportion of these coals 


lacks agglomerating properties, because spore coats and other waxy compo- 
nents are reactive but do not form a viscous melt on heating. However, the 


nonbanded coals are local or sporodic in occurrence and usually are asso- 


ciated to somo extent with the banded varietics. The important source of 
weakly caking eastern coal for gasification or allicd usus is the beds of - 
banded coal with splinty layers. Splint coul diffors in important physical 
respects from associated bright bands and frequently is amenabls to separa- 


. tion and concentration by preparation practices. The splinty bands generally 


are zonos of opaque attritus concentration. Opaquo attritus and fusain ars 
inert organic constituents most conducive to woakly caking proper tice in 
bituminous rank coal. 


As a guide in selecting coals most uit aeteeeis goto aered cree 
tial sources of weakly caxing coal, table 2 has been compiled from the many 
analyses mado during the past 15 yoars. The analyses are arrangod in the 


-order!of decroasing content of organic inort constituents and range from 


nearly 50 percent in the caso of a cannel doposit, in the Elkhorn coal bed 


‘to those containing 20 Percent inert mattcr. 
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TABLE 2. ~ Petrologic analyses of coals, with noteworthy concentrations 
of organic inert materials (fusain and opaque attritus) 


Coal bed, mine and j 
mining company, local-| 


ity (county and Statd, |Anthrax- 


date of sampling and | 
analysis 
Elkhorn coal bed 
Standard mine, Stand- | 
ard Elkhorn Colliery, | 
Inc. | | 
Garrett, Floyd Co., Ky.! 
Sempled 1938;anal. 1938: 


Piedmont mine, Ken- 
tucky Block, Cannel 
Coal Cor (?) 

Caney, Morgan Co., Ky. 

Sampled 1938; anel,. 1939, 


j 
Van Lear coal bed | 
| 


Closplint mine, Clover 
Splint Coal Co. 
Closplint, Harlan Co.,; 
Ky. | 

Sampled 1930;enal. 1941 


| 
| | 
High-Splint coal bed : 


Cedar Grove coal bed 
Islend Creek mine, 
Island Creek Coal Co. 
Holden, Logan Coe, 
Ye VA. 
Sampled 1942 anal. 1942 


eee a -eeereee e 


Winefrede (Dorothy) 
cosl bed 

No. 10 mine, Carbon 
Fuel Co, 

Notomine, Kanewha Co., 
We Vae . | 

Sampled 1936; anal. 1936; 


Sas GT ee EP 


Elkhorn coal bed 
No. 204 mine, Consoli- 
dation Coel Co. 
Jenkins, Letcher Co., 
‘ | 
Sampled 1950; anel, 1956 | 
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| 
| 
| 
| 
Nil | 


Nil 
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17 
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57 


64 


48 


Trans- ; 

lucent | Opaque 

ettri-; attri- 
tus, tus, 


49 


45 


w 
O 
e 

on 


36 


oie) 
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Fusain, 
percent percent percent |percent: percent! 


Trece 


Organic 
inert 
matter, 


or 2 ae oe ee 


| 
| 
| 
| 


49 | 


45 


37eD | 


| 
! 
| 
| 


—_ 


36 


= 


33 


Remarks 


[Cannel coal 42 


inches thick. 


Cannel~boghead; 


a 15-inch lump 
specimen was 
examineds coal 
is 32 to 26 
inches thick 
below sand- 
stone roof. 


Splinty 7-inch 


block speci- 


; men selected 


from banded 
coal. 


Boghead-cannel 


8-inch block 
Specimen from 
upper part of 
coal bed 


Splinty, banded 


coal 644 in- 
ches thick; 
coal No. 435, 
carbonization 
test series. 


Splinty, 5-inch 


block specimen 
selected from 
banded coal. 


RT ne pe pens 4 


We VA. 


Sampled 1938; anal. 1938 


Upper Cedar Grove coal 


bed fs 


Junior mine, - Rea Jacke 
Consolidation Coal & 


Red Theked, Wied: C80; 


We Va. 


Sampled 1935; anal. 1935 


Eagle codl bed 


Mallory No.3 mine, 
Mallory Coal-Co. 
Mallory, Ogee: Coe, 


W. Va. 


ate 1936; anai. 1936 


High Splint coal bed 
Closplint mine, Clover 
Splint. Coal: Co}. 
Clobplint, Helen Co., 


Ky. 


Sampled 1937; anal, 1938 | 


Elkhorn coal bed . 

Nos 204:mine, Consoli- 
dation Coal Co. 

Jenkins, Letcher Coe, 


Ky. 


Sampled: 1930; anal, 1930 


Clintwood coal bed 
No. Z and. 2- mines, Bu-|, 
chanan County Coal 


Corp... 


Big: Rock, Buchanan COs, 


Va. ae , 
S 
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Coal bed, mine ae 
mining company, local-: — ji 
ity (county. and. State); anthrax-jattri~ [et 
date of sampling and- 
analysis |. 
Cedar Grove coal bed 
Island Creek mine, 
Island ‘Creek Coal Co. 
Holden, Rogan Coe, 


Vion,” | tus,’ 


OR eT Sa eee ——— pe 


e . 
ee re ee ee ee ee ee ee ee ee ee TT 


led 193% anal, 1935 
Includes 42 percent algae, 14 
resinous matter’. 


- 


fi i Wo stewor tly ieee 


ae c. 7a 


¥ “span aap ° : « 


Ha tions of 


attri ust (Conti: 


| Organic 
|. inert 

Fusain- | matter‘, 
jpercent vecaaae percent| percent | 
B 


Remarks — 
Oghead -cannel, ° 


-20-inch block 
Specimen from’ 


#709 | 30 &«+| wir || 30° 
, | 
| is 
| 
| 
37 | 28 2 30 
5 S 
30 26 2 |e267° 
. | | 
41 26 | 2 28. 
ae 
| e Ff 
| | wd: 
| , 
35.5 | 24 | 309 | 2769 | 
i | oe ee 
| | : 
| “a 
| 
| | 
a eee | a 


| | | upper part of - 
“| coal beds. 
i ; 


plinty, banded. 
coal 48} inches 
thick; coal. No. 
39 carbonize~ 
tion test 
series. 


plinty, eee 
coal 324 inches 
thick; ‘coal No. 


46, carboniza- 


nation test’. 
series.” 


plinty, banded © 


| coal 40 inches« 
thick; coal", ! 
7 Noe 54, car- 


bonization 
test ‘series. - 


plinty, banded 
coal 9026 in. 
ches ‘thick; 
coal Now 2, 
carbonization 
test series. - 


plinty, banded 
coal 53.5 in-. 
ches thick; 
coal Now 3. 
carbonization 
test’ series. 


percent spore coats, and diel oleegih humic and -.. 


- 
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TABLE nes. Petrolog ic ana yées of coals, with noteworthy. concentrations. 9 


Bos store meter eMac 


ie ees gears 
1 a oor ee oc Sou ene 


Opa 


Goal beds nh ne ane t= lanes Io 


mining company, foeal-|. . jlucent. 


ity (county and State) Anthrax-jattri- |a 


date of sampling and ylon,. tus; 


enalysis =; percent jporcent per 


Sto¢kton { piece ee | 
coal bed > wt 

Sharor. mine, ayatt | 
Coal Co. - 


“ ‘ada e% 


| 
Sharon; Kanawha Co. at | 

We Vai ae : | 
Sampled 1939; unal: 1939] 35 | 3 3g 
Alma coal bed | : 
Red Jacket No, 6 gee - 

Red. Jacket Coal & 

Goke Oo. : = 
Red. Jacket, itssigo Coe, 

We Va. oo . 
Sampled 1995; anal, 1986 44 31 
Lower: Banner coal bed | | 
Keen’ Mountain mine, | 

Red Jacket Coal & 

Coke Cas: 

Hanger, ‘Buchanan Co., 

Va. =. 

pompece 1938; anal, 1938 


72 


Sharon, dont ea 
Jackson Iron & Steel 
Co, mine . , 
Jackson, ‘Jackson Co., 
Ohio: : . 
| aot 193%; anal. 1937 99 21 


owen coaae Grove coal 
bed ‘i a : i 7 
Junior.mine, Red 
Jacket Consolidation 
Goal & Coke Co. | 
Red Jacket, Mingo 
Cos, Ws Va. 
Sampled. 1935 anal, 1935{ 38 (| 38 


Eagle ‘coal bed 
Prospect even ae near 
No..7 mine, Carbon 
Fuel ‘Cos a oe | 
Carbon, Mingo ee i 
We Vai. ar ae 
Sampleé@ 1943; anels1943 37 39 
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18 


22 


28 


25 


« @ 2 


26 


24... 


. 24 
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feseth ead opaduasetinitu TC 


Spiinty,, panded 


-—eoal 4644 in- 
,ches. thick. * 


| Splinty,' banded 
|, coal 47k in- 


ches “thick: 
coal No. 36 
“carbonization 
test series. | 


men, 4-inch 
block B98 in- 
ches from’ 
floor of 


a : 
hea ‘speci- 
|. 

: beds 

| 

| 


Splinty, banded 
coal 32 inches 
thick. 


coal 60% in- | 
ches thick; ° 
, egal ‘Nos 40; 
carbonization 
wont sentes: 


a 

| 

a 

| tied! ;j handed 
| 

| 


dl esvasey: bandad 
coal 314-in- 
ches - thick} 
‘coal No. 8 


“oe darbonization 
"J: test series: 


I. C. Ti: 17 
TABLE, 2a -  Petrologis. ‘éialyoas of: Goats | “wath: aotewer tay éoncentretions of 
| (orga | Cont! d. 


Coal bed, mine and. |,.:: 
mining company, local-}. ucent: Opaque 
ity (county and State), Anthrax- — 

date of sampling and: . _ylon,- : ee a 

"“ analysis 9 7 lpexdent” yercent|] percent |percent] _ Remarks 

Van Lear (?) (Millers | | 72% 
Creek No. 1) coal bed 
No. 155 mine, Consoli- 
detion Coal Ca. — 
Van Lear, Johnson Co.,': 


.. [Splinty, banded. 
| ... | coal 48 inches © 
[ thick; coal. 
: jo ee: No. 33, care. :- 


. 
= 
_ 

° | | bonization 
Sampled 1935; anal.1935; 49 | 27 21 3 24. 4 test sertes, . -: 
Upper Banner coal bed | | ) } Splinty, banded - 
No».9 mine, Clinch- coal 514 in~. 

field Coal Corp. | ches thick; 
Clinchco, Dickenson | | coal Noe 42 
CO«;. V&e .. , a | carbonization - 
Sampled 1936; anal,1936]- 37 - : : | 21 test series. 

{ 

Powellton cosl bed | | ) 7 
Coal. Mountain mine, : | Banded caal 42, — 
Red, Jacket. Coal Co. | | inches thick; © 

Guyan, Wyoming CO, .coal.No. 81 

We Va. | | carbonization. 
Sampled 1943; enals 1943; 44 « 3 .1 18 test series. 

| 
Taggart coal bed ! 3 | | Banded coal 52. 
Dunbar mine, Stonega _ inches thick;. 
Coal & Coke Co. . | : coal Nod,.3, 
Dunbar, Wise Co.; Va. | | | carbonization — 
Sempled 1930; anal. aa 53 20 : “test series. ~ 
Pog | ‘ 

Straight’ Creek coel | ! | | : ; 

bed... | a 4 
Hanby mine, Fox Ridge | | 

Fuel Co. | | pie, Re 
Hanby,. Bell. Cc., Ky. | | 7 ;Cannel.coal. .. - 
a 19595 anal. 1939" 6 | 71 : 23 Nil | 25: * layers 
_ oo 

Beckley wea bd 7 =o | | D tee i, tt 
Winding Gulf No. 1 | | | 

mine, Smokeless Fuel | | -|Banded coal 542 . 
CO. | 7 | | | dnehes thick; |; 
Wipding Gulf, Raleigh | t | | , cool Nos 41, 
Cow, We. Var a | | | (+ -4:'garbonization 
Sampied, 1935; anal. 1936; 40 | 39 115 | 6 21... "| test. series. . 
pga es ae Se eee Be, ee : 
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TABLE 2. - Petrologic, analyses of coals, with noteworthy concentrations of 
orgenic inert materials (fusain end opaque attritus) (Cont'd. 


Coal bed, -mine-@nd ~— 
mining company, local- 
ity (county and State), 

date of sampling énd 

analvsis | 

Lower Banner coal bed 
Keen Mountain mine, 
Red Jacket Cbal Co. 
Hanger, Buchanan Co., 
Vae ace | 
Sampled 1938; 4ns1.1938 


Pocahontas No. 3 coal 
bed oi 

Buckeye No. 3'mine, — 
Buckeye Coal & Coke 
Co. ane 
Stephenson, Wyoming 
CCe, ‘We Vae | 

Sampled 1938; anal. 1938 


Alma coal bed 

No. 4 mine, Spruce 
River Cosel Co. 
Ramage, Boone’ Co., 

We Vee 

Sampled 19351; anal. 1931 


No. 1 Bell {"Smith" or 
Owen) coal bed 

Bell No. l‘mife, Mid- 
continent Coal & 
Transportation Coe 


Near Sturgis, Critten-| 


den Co., Ky. 
Sampled 1939; anal, 1939 | 


Brookville coal bed | 

Conifer No. 1 mine 

Near Conifer, Jeffer- 
son Co., Pae 

Sampled 1934 anal, 1934 


Brookville coal bed 

McClellan’ coel mine © 
(local bank) “. 

3 miles east of Brook- 
ville, Jefferson Co., 
Pa. 

Sampled 1934; anal, 1934 
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19 
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20 


20 


20 


20 
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Remarks 


Banded coal: 543 


inches thick; 
coal No. 58, 
- carbonization 
test series. 


Banded coal 42- 
5/8 inches 
thick; coal No. 
56,° carboniza- 
tion test seris. 


‘(Banded coal 66 


inches thick; 
coal No. 16, 
carbonization 
test series. 


Banded coal 403 
inches thick; 
cc&l Noe 6l, 
carbonization 
test series. 


Banded coal 48 

inches thick; 
Ce K. Greeber 
. Sample: No. l. 


Banded coal ca. 
24 inches © 
Graeber sample 
Nc. 4 (2? 


Te Ca V7 


COAL MINING 


| Experimental Mine and Dust Explosions 


Domenstrations and Lectures . 


Following cessation of hostilities, the restrictions against visitors 
to the Experimental Testing Station at Bruceton, Pa., wore lifted. Numerous 
regucsts were received from miners, mine officials, and mining schools for 
oducsational demonstrations of the ignition of coal-dust clouds by various 
means that aro commonly found in mines, of the dangers arising from the use 
o- black powder, of the groater safety attained through thc proper use of 
pormissible explosives, and of recommended sefcguards against explosions. 
Accordingly, sovon largo- scale mine-cxplosion demonstrations were hold, 
which wore attondod. by nearly 3,000 porsons. In addition, many smaller do- 
monstrations were given for small groups of visitors » among them field men 
of oxplosives companies that roquiro them to visit the stetion as part of 
their proliminary training, and technical porsons from Australia, Brazil, 
Chine, France, Groat Britain, Holland, Peru, Russia, and this country. 


Inflammability and Explosibility of Industrial Dusts and Powders 


Continued investigation of the inflammbility and splat bility of 
dusts producod in industrial plants is being carricd out. Over 60 dust sam- 
ples wore submitted by industry for ovaluation of the explosion hazard that 

might bo encountered in thoir production and use. A number of the samples 
' were received aftor actual explosions, flash fires, .and firos of. spontanc- 
ous origin had been caused by the products. Theso included peanut orack- 
lings, a byproduct from the extraction of peanut oil, dohydrated, ground. 
citrus pecls usod os cattle feed and fortilizer; soap powders; bituminous 
coal from a pulverizer; scacoal used as. facing for foundry molds; and gil- 
-sonite dust from a-mine in Utah in which a sovore explosion occurred. Tests 
on sevoral samples of gilsonite indicated that this dust is considerably 
more oxplosive than fino bituminous coal dust; the nature of the glisonito 
deposit and the methods of mining are such that application of rock dust 
for provonting the propagation « of i eae is most difficult, if not im- 
possible. 


Among tho othor dust semples tested were motal powders, plastics, drugs, 
insecticides, dchycrated rico, soybean, coffeo, sulfur, activated carbon, 

' coal, pitch, alee from exhaust, system of an office ‘building, D.D.T., collu- 

' cottom, tung hulls and kernels, starch, moss , Xelp, rockwoed,, ingredients 

~ of explosives, and other products. Nearly all of these weré found to pre- 
sent some degree of dust-explosion hazard under proper conditions: For all 
dusts’: investigated, recommendations were made conccrning safeguards to be 
takon in the plants in order to reduco the hazard. In tosting insecticides 
containing fine sulfur powder ,and_ noninf lammable ingredionts » it was found 
that oven mixtures with as little as 10 percont sulfur can cause fairly 
sovere' explosions. Sulfur powder can be ground and mixed safcly in an in- 
ert gas atmosphere containing 10 percent or less oxygen. ° In conriection with 
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the proposed use of mixtures of powdarea coal-tar pitch and aluminum powder 
for foundry facings in steel plants, a study was made of the explosion haz- 
ards of mixtures containing various proportions of atathped and of atomized 
aluminum powders. This disclosed that mixtures containing atomized alumi- 
num are not more explosive than the pulverized pitch along, but those con- 
taining flaked or stamped aluminum are more hazardous. | 


Rescarch work was conducted on (1) accurate- determinations of the lowor 
explosive limits of dust clouds, (2) devolopment of new types of ignition 
sources for dust clouds oxploded in the leboratory bomb, and (3) studies of 
the effect of dust concentration upon.the energy requirod to ignite dust 
clouds by static electrical sparks. Two publications were prepared rolat- 
ing to reseerch work on saa la explosions.? . 


Reviow of the present state of knowledge of Cees explosion picnonent 
has indicated that greater progress in prevention of explosions. could be 
mado if sciontific knowledge were available as to the basic mcchanism of 
the ignition of dust particles, the mechanism of propagation of heat and 
pressure ‘waves and of flames through the dust cloud, and of the relation 
of these Encnomees to the ae sae oe propertios of tho dusts. 


Release of Dust-Explocion_ Pressures to erevent Structural Damage 


Pow manufacturing structures can withetand, the pressures developod by 
violent dust explosions in a confined space... Rapidly opmming explosion- 
rolieving devices or vents inthe enclosing walls or roof afford means of 
dissipating ‘pressure during an explosion. It becomes important to study - 
the design requirements of such relfef vents for reducing structural damage. 
The first phase in this study has been completed and is the subject of two 
reports.2/ A short motion picture of this work was made. A fow of the more 
important findings of the study are: | 


~ 1.. Aside from tho chemical and physical properties of the dust, 
the violence of a dust explosion in a given enclosure is affected by tho 
mothod of formation of the cloud, particularly as it influcncos the uni- 
formity of distribution of the dust particles, by the position and nature’ 
of tho source of ignition, by the timing of the ignition rolative to tho 
formation of the cloud, and by. the conccntration of the dust in the cloud. 


cy, un Irving, aad Grocnwald, H. P., The Eplosibility of Fistal Pov 
- dor Dust Clouds: Min. and Met. , vol. 26, 1945, pp. 331-335. Hart- 
mann, Irving, The Explosion and Fire Hazard of Metal Powders: ‘Mot- 
-. als Handbook, American Society. of Metals. (In press.) 
9/ Hertmamn, Irving, and Nagy, John, Effect of Relief Vents on Reduction * 
of Sr essur 6s Developed by Dust Explosions: © Buroau of Mines Rept.. 
. of Investigations 3924, 1946, 22 pp. , a a 
Hartmann, Irving, Pressuro Release in Dust Explosions: Nat. Fire 
Protec. Assoc, Quart., vol. 40, rt. 1, July 1946, pp. 47-53. 
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- Effect of unrestricted relief vents upon pressures produced by 


Figure 3. 


explosions of various dust clouds. 
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Figure 4. 
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- Effect of unrestricted relief vents upon 
pressures produced by dust explosions of 
aluminum and magnesium powders. 
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©. Explosions initiated by short electrical sparks are not as 
violent as those initiated by the flame from a small quantity of guncotton 
or othor ignition sovrce of similar intensity. This is because flemo ini- 
tially raises the tempcraturo of 2 greator proportion of the dust cloud to 
the ignition point. | 


3. Explosions initiated at the instant when all the dust is in 
suspension in the air produce higher pressures than oxplosions initiated | 
cither promaturcly or after some of tho dust has scttled on the surrounding 
SuULrTaccs. 


4, Under similar test conditions, the strongest oxplesions in 
the gallery were produced by clouds of stcmped-aluminum powder dust. Noxt 
in approximatcly docreasing ordor of intensity were explosions produced by 
milled magnesium, atomizod aluminum, phenol-fcormaldchyde resin, cornstarch, 
soybean protein, wood flour, and coal dust. 


5. Data wero obtainod for all dusts tested, by ald of which the 
reducticn of the maximum cxplosion pressurcs with incroase in tho area of 
unrestricted or free rcelicf vents could bo established. The relations oro 
plottce on a semi-logarithmic ccale in figuros 3 and 43; thoy are exprccs- 
ible by an oxponcntial cquation cf the form: 


P = Ao 
Where P = maximum oxplosion pressure 
y = ratio cf rolief vent crca to volume of onclcsure 
A and k = ompirical constants, whose velucs wero computed 
from tho test data for cach dust 


6. In this cubical gallery, explosions could be vented as offoc- 
tively by scvoral small, unrestrictod vents as by 9 singlo vont having an 
arca oqual to'the combined areas of the small vents. This will not nocos- 
sarily be true of much lergor atructurcsa or of thoso of different shapes. 


7. To roletse cxplosions through vents closed off by heavy - -paper 
or other diaphragms, largor vent arcas must bo ‘provided then are necossary 
for unrestricted or free vents. 


8, Saw-toothed heey placed along the periphaorics or noar the 
centors of paper aicphragms on vents greatly facilitate their rupture when 
an explosion starts and permit tho uce of smillor rolief vents than would 
othorwise be needed. 


9. Unrestricted rectanguiar vents wore found to bo as effective 
as squere vents of the same aroas, Square vents closed by heavy-papcr dia- 
phragms provod to bc somewhat more effective in rcleasing cxplosion pros- 
sures than rectangular vents with similar’ diaphregns. 


10. For releasing reletively slow explosions, such as for coal 
dust, light, hingsd, swinging panels aro nearly as offective as unrestrictcd 
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vents, but heavy swinging panels are not so effective. For rapid oxplosions, 
as with aluminum powder, evon vents closed by light swinging panels must have 
largor arees than unrestrictod vents for cqual: effectiveness. 


ll. In using swinging panels, windows, or other hinged devices, 
caro must be taken to prevent closure of the reliof opening after the ini- 
tial positive pressure wave of the cxplosion subsides, in order that -des- 
tructively high negative ER OREUEES, oo not be developed in the explosion 
Spaco.. 


12. The averago and eC ee HeoeeuRs rise and the in- 
pulses (pressure x time) in the experimental dust oxplosions decrease with 
incroasing size of relicf areas in about tho same manner as do the maximn 
prossurcse » 4 | | 


Pressurce-Relicving Capacitios of Glass 


In response to roquest for information on tho pressure-rolicving capa- 
cities of hceat-absorbing glass panes to be used in a plant subject to ox- 
plosion hazards, teets were conducted to dcteormine the explosion ‘pressures 
at which various types of glass break.. The heat-absorbing glass and the 
double-strength, grado A glass panes were tested unscored, with a light diag- 
onal scoring made with a diamond pencil on the outsido surface of the glass 
(scoring started 2 inches from corners, end there was a 2-inch gap ncar the 
center), and also with o deeper diagonal scoring made with a diamond glass 
cutter. Tests were also made on ribbed glass panes that. wore not scored, 
All panes were 1/8 x 14 x 14 inches in size, fixed along.all four sides in 
wood sash set in one wall of the explosion gallory. They were subjectod to 
coal-dust explosions and to more rapid atomized aluminum-powder oxplosions. 
A fow of the principal test data are given in the following table: 


Minimum pressure at 
which glass broko,; 


Type of glass. | | 1b. por sq. ft. 
(a) Coal-dust explosions | 


Double-strength “A"; 


Unscorod edie aa ieneuscsiian senate ; 7 Lo 
Lightly scored eseeeceoeennavnevnenvneeueeeeeae 185 
Deop scored @eeeoveaevneonoeneen eevee sneeonvoeoevn ve 7O 
Hcoat-absorbings 
Unecored COC CCC oe oo RAD eH OLED OO EOE OE O® 260 
Lightly scorad @eeseeseeeosvsevoeeveeseveveoen eve . 90 
Deep scored @eeoveeeeaeveoseeeoeearvreenee ase 45 
Ribbed glass essa cistaraiensi ea reaiiaieacueieeeieares Lho 


(b) Aluminum-powder explosions - 
Double-strength "A": 


Unscored Ncdcenie apse eo Ue: 
Lightly scored @#e0aeHee 8eoeoeeseoeaensoaevneoeeenve8c8 6 @ 110 
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Technical Assistance and Service. to Others | 


The Experimental Coal Mine and Dust Explosions Section cooperated with 
and assisted in the solution of technical problems of other sections of the 
Bureau, the Department of Agriculture, the War Department, several State 
agencies, and many national safety groups and industry. These activities 
included mining, pulverization, and sizing of caals for research in combus- 
tion and in synthetic fuels; design of demonstration galleries for dust ex- 
pldsfons, and of testing rods for mine roofs; special tests cf shale speci-« 
Ineris. from mine roofs and evaluation of convergence data from mines; fur- 
nishing data for design of pressure-release diaphragms and vents for drying 
ovens, film-processing tanks, dust collectors, .and coal-storage bins; advice 
on explosion prevention in briquetting fine coal, in the manufacture of 
starch, and in ‘pneumatic conveying of plastics: ‘powders; s supplying drawings . 
and specifications for construction of apparatus for research on dust exe. 
plosibility; and preparation of reviews on explosion-pressure manoneters 
and on factors affecting release of pressures in explosions. 


eoveet reece os Coal reposts 


Coosa Coal Field, oe 


Investigation, by diamond drilling, of the Wattsville Basin in the 
Coosa Coal Field of Alabama began in December 1945. Diamond drilling in 
this area indicates that the northern part of the Wattsville Basin may be 
underlain by a minable area of coal in the Fairview bed. No other coal beds 
in this area appear to be minable, although future drilling may develop min- 
able reserves in the Broken Arrow and Marion beds in the ae part of 
the Wattsville Basin. 


Analyses of cores. of the coal beds in this field show calorific valuos 
ranging from 12,000 to 14,300 B.t.u. Agglutinating determinations indicate 
that the coals are “coking. Howevor, in some areas the ash and sulfur con- 
tent is high. : aa 


The investigation was in progress at the end of the year, 


Coal Reserves in Areas Wher Fuel Supplics are Critical 


Toledo Lignite Deposit, Lewis founty, Wash. 


The lack of sufficient supplies of oil, icoad. and wood, the. fucls nor- 
mally used in the Pacific Northwest, caused a critical fuel. shortage :in | 
that area during tho war, Coal was shipped from mines in the Rocky Mountain. 
Rogion, | but the. shortage would’ be relieved by the development. of strip mines 
in this: droa. ‘The objective of this investigation is to determine the min-~ © 
able reserves in & lignite deposit near Tolodo, Lewis County, Wash., which 
appoerod from a reconnaissance to be favorable for strip mining. At the 
time this investigation was undertaken, the Bureau of Mines had proved a 
Largo reserve of high-alumina clay in Cowlitz County, Wash., near the Toledo 
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lignite deposit, ani the Defense Plant Corporation planned to construct 4 
large plant to process this cla; for alumina, A reserve of lignite that 
could be mincd by strip methods would pee @ supply of low-cost fuel for 
such a plant. 


The arca investigatec by diamond drilling compriscs sections 15, 16, 
and 22, T., 11 N., R. 1 E., Lewis County, Wash. 


Tne investigation was conducted under agreements between the Bureau of 
Mines and the owners, who were private individuals, tho State of Washington, 
and tho Northorn Pacific Railway Co., which owned the mineral rights in a 
small tract. | 


The arca is approximately 9 miles oast of. Toledo, Wash. , approximatoly 
8 miles southwest of thc Cowlitz, Chehalis & Cascade Railway,. and approxi-. 
matoly 5 milos north of the Weycrhaouser Timber Co. railroad, which. connects 
With the Columbie River, a possiblo rail-water transportation Link to in- 
dustrial centers. 


Pert of the area has been cleared, and very little timber of commer- 
cial value romains on tho land (fig. 5). The topography is rolling, and 
tho surface is travorsed by deep, narrow ravinos, ae have been’ gouged 
by streams. 


Thirty-five diamond-drill holes siciesne 2-1/8-inch cores showed that 
the lignite occurs in a lens comprising two minable benches. . The uppor and 
lowor benches, separe.tod vy & gray-tuff parting about 10 fcet thick, aver- 
age about 25 and le feet in thickness, respectively. The resorve of lig-. 
nite in the lens is estimated at 8,000,000 tons, of which 5,300,000 tons 
are concidercd rocoverable, 


Meta-Anthracite in Newport and Providonce Countios, Re Ts 


The fucl requirements for industrial and domestic consumers in New Eng- 
lend, in normal times, aro supplied almost ontirely by fuel ofl, anthracite, 
and bituminoys coal. A shortage of thcso fucls occurred during. the war. 
Because of this critical fucl situation, an investigation was mado of possi- 
ple sources of fucl nearor to points oF Consuuptice in, Now dng tenes 


Meta-anthracite coal, which is a satisfactory fucl for some sPUPpOeess 
nad been mincd dia Missochunotte and Rhode Island many ycars ‘ago. © The coal 
from minee in the vicinity of Portsmouth on Aquidneck Island, Newport County, 
R. I., had toen used successfully for smolting copper ore and: for fucl. 

Tho coal is mcta-anthraclte and docs nct burn freely. Howover, the intro- 
duction or froer-burning anthracite and bituminous coal into New England . 
markets resulted in abandonment of those mincs. With the. present-day. de- 
velopment of improved equipment for burning coal, methods of burning it 
probably could be devised, should minable reserves of. coal be found, 
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Figure 5. - Part of area explored at Toledo, Wash. 
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The purpose of this investigation was to determine sources of addition- 
al fuol; and as coal mined at Portsmouth had been used with some success, .. 
diamond drilling was undertakon to dotermine the charactoristics and con- | 
tinuity of the beds in this area. 


Three vertical diamond-drill holes to un 2- 1/8-inch cores wore 
drilled from surface locations on tho north ond of Aquidneck Island in the 
town of Portsmouth. (Rofer to fig. 6.) 


Tho Cranston mine, of Graphite Mincs, Inc., also was oxamincd. : This 
mino was mapted (rofor to fig. 7) for the Burcau of Mines unéer the diroc- 
tion of Franklin 0. Rosc, pegeesate professor of engincoring of Brown Uni- — 
versity. 


Tho results .of the invostigation of the PaBtamuth ane: Cranston ar cas 
are summarizcd ag follows: ; 


1. Investigation by diamond drilling and geclogical examination 
in tho Portsmouth area on Aquidneck Island indicates that minable beds of. 
mota-santhracite gre not continuous over appreciable aroas, and no cs timate 
can be meade of possible reserves in ee ae oR 


2 Tho exposed faccs in tho woninee of tho Cranston mino of 
Graphito Mines, Inc., indicate that there is a recoverable rosorvo of. mcta- _ 
anthracite adjacent to the workings of this mine. The recovorablo rosorves 
cannot bo cstimated, because tho structuro and thickncses of the bed my 
change sharply in any dircction. The bed my acl out or may bo dislo- 
catod _ faulting. , 


ar Potrographic examination of coros and minc seamplies shows. that 
most of the coal of the Narragansott oo has becn subjected to intonsive 
minor faulting and broecciation. | 


4, Tho dry ash ranges from 76.1 to 93.7 percent and total carbon 
from 1.8 to 19.5 percont. With e singlo oxcoption, the analyscs of tho 
cores compared with cnalyses of mota-anthracitc from Cranston and Portsmouth 
mines showod that tho other cores cannot be ciassificd as coal. 


Coos Oro on 


The senderietion of Army camps at Modford and Klamth Falls,. Orcg., 
and tho Naval Air Basc at North Bend, Orog., increéscd the domand for coal 
far beyond preduction of the small mines in tho Cocs Bay arce. Conl must 
be imported from mines in the Rocky Mountain Rogion to supply any such in- 
croased demand and placcs a burden upon the railroads. Tho development cf 
& nearby source of fuel would greatly rolicve this transportation problom. 


The Coos Bay Coal Ficld, adjacent to the many navigable sloughs ex- 
tending from Coos Bay, an arm of the Pacific: Qcean, and traversed by a 
branch line of the Southern Pacific Railroad, was a logical source of fucl. 
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Fifteen diamond drill holes to recover 2-1/8-inch cores were drilled in 
tho Coos Bay area. Cores of the coal beds ponctrated were analyzed at the 
Central Experiment Station, Pittsburgh, Pa. Bascd upon the results of this 
invostigation, 1,020 acres of land were proved to be underlain with approxi- 
matcly 10,f00,000 tons of coal, of which 8,600,000 tons are considered ro- 
coverable. An additional reserve of 6,195,0C0 tons is indicated and in- 
ferrod, of which 4,955,000 tons are considered rucovorable. 


Alaska 


Production of coal in Aleska still is less than demand. Greater pro- 
duction is necdcd for the Army and for industrial and domestic fuel. In- 
vestigation by the Bureau of Mines in the Matanuska Field has resulted in 
increasing rcserves adjacont to the workings of the Eska mine, owned énd 
operatcd by the Alaska Railroad, Diamond drilling in the Eska-mine aroa 
was begun by tho Mining Branch and comploted by the Bituminous Coal Mining 
Scction. Three diamond-drill holes woro drilled during the summer of 1945. 


Bascd upon diamond-drilling results, it is indicated that tho rescrves 
in the arca adjacont to the Eska mino have been increased by an additional 
1,600,000 tons of ccal in the No. 5, Lowcr Chapin, Emery (or No. 8), Shaw, 
ond Martin beds. Nino hunered seventy thousand tons of this reserve are 
considcred recoverable through the workings of the Eska mino, 


Coaldale, Nev. 

Technical Papor 687, titled "Exploration, Composition and Washing, Burn- 
ing, and Gas-Producer Tests of a Coal Occurring Near Coaldale, Esmeralda. 
County, Novada,” ty Albert L. Tocnges, Louis A. Turnbull, Jamos M. Schopf, 
EH. F. Yancey, K. A. Johnson, M. R. Goer and L. L. Newman, was published in 
1946, (fhis invostigation was discussed in the 1944-45 Annual Report.) 


Mining Mothods end Practices 


Meny comparatively small aroas of coal suitable for strip mining oxist, 
but these arcas probably could not be minced profitably with lergoe-capecity, 
modern, clcoctrically poworcd macnines because of the high cost-in-placo of 
this equipment and the timo and expenso’ required to transport the machines 
to the mine site. Scrapors and light excavating cquipment are mobile, and 
the investmont cost is not greet. These units have been used in mining 
sm-ll arcas. A study to dotermine methods in vogue and ths economic con- 
sidcrations involved in the use of this cquipment was completod. 


A Stripping Operation in Illinois 


Tho cpcrations of a cocl strip mine in Illinois were studied, The coal 
bed at this mine ranges from 2 feet to 4 fect, 6 inches in thickmess and con- 
tains two snall partings. Tho overburden comprises principally soil and 
glacial drift. In somo orcas there are lenses of limestone ranging from 6 
inches to 4 fect in thickness in the overburden. The ratio of overburdcn 
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to coal, based upon clean coal, ranges from 10.9 to 35.6. The thickness of 
the coal bed, character of the overburden, and stripping ratios are similar 
tc those in an area in Ohio, where the opening of a strip mine was consid- 
ered by an overator, who requested a loan from the Smaller War Plants Cor- 
poration. A report on the area, including the estimated cost of operations 
at the Ohio mine, was prepared for the Smaller War Plants Corporation. 


Extraction of sateen 


The extraction cf ssaigmee in mines developed in steeply dipping beds 
presents many problems. The methods used at a mine in Washington were 
studied, The dip of the bed at this mine ranges from 47 tc 60 degrees, A 
secticn (of the ded is as follows 


Interbedded coal and shale ......... 3' O” to ft OM 
Shale parting ..ccccccccvccccsccccee Lt 6 to 3 Of 
Clean coal csscccccccccccccccscccecs 5! Of 
Boney coal (left in footwall) ...... O' 6" 


Rooms in a panel are driven approximately 300 feet long on the strike of 

the bed. A panel usually comprises three rooms driven 8 feet high on 50-fcot 
centers. The full width of bed betwoen foot and hanging walls is extracted 
on advance in the lower room in the panel. In the two uppor rooms, the 5- 
soot section of clean coal in the bed is extracted on the advance. Coal in 
these two upper rooms is transported by scrapers tc chutes spaccd approxi- 
mately on 50-foot centers, and the coal passes to ea shaking convcyor in the 
lower room. This conveyor transports the coal to the main chute of the 
pancl. Extraction of tho full thickness of the bed in the two upper rooms 
and the pillare between rooms is done on retreat from the panel. 


Mine pcretazecren 


The iuprevenant in technique of mining coal and the relation of this 
progress to incroascd extraction and, hence, conservation of coal deposits 
wore reviewed. ; 


The ieeintdae of coal mining progressed slowly until the advent. of 
mochanizod mining. The introduction of the cutting machine was a step for- 
ward, but this machine had little effect upon improving the percentage of 
-roecovory of coal. Previously, the physical fitness of the lcaders and the 
total output of the miners *ixcd the cutput of a minc. The miner was an 
independent contractor, and suncrvision over the minor's working place was 
supcrsicial. . The increased cost of labor with the resultant rising cost of 
production, which neccssitatcd higher selling priccs for the product, and 
tho inroads of substitute fuels (oil and gas) presented the problem of. in- 
creasing the output per individual with the view of reducing the production 
co3t pcr ton. Since eae) the amount of coal loaded mechanically underground 


| to/ Tcenges, Kibert L., Mochanigation in Coal Mining Makes Rapid Progress: 
| Min, and Mot., vol. 27, No. 475, July 1946, pp. 393-395. 
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has increased from 0,3 percent to 48.9 percent of the total production fron 
underground mines. 


The invostment neccssary to oquip a mine for mechanical loading is 
croat, and in order to reduce the fixed charges per ton, mltiple-shift | 
operations wore instituted, and the working area was planned so that tho | 
maximim tonnage can be obtsined trom a givcn territory. In some areas this 
rcsulte¢e. in changes in the mining system that effected a higher porceontage 
of racovery than was possible whon hand-loading methods werc used. Henco, 
the introduction of mochanical loading has bcon a factor in improving tho 
porcentage of recovery in somc districts. | 


Mochanization has brought probloms tc.the industry » particularly in 
rcforence to production of a product free from forcign impuritios.. Where 
hand loading is used, the mincr is able to discard tho impurities such as 
nartings, boney coal and clay veins, at the time the coal is loaded. Tho 
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but loads the broken coal irresnective of the impurities in the ded. This 
necessitatcs ercction of mechanical, cleaning plants 4t the mines. The out- 
put from thosc plants is not only of highar quality than tho hand-clcaned 
coal but the coal cuttings from the cutting machines, which had been dis- 
corded at some mincs, arc now loaded underground and successfully cleaned 
“Icchanically. The recovory por acre at such propertics is increased ma- 
torially. —— : : 


Where pillers woro not extractcd, the rapid advance of faces made possi- 
ble by. the use of mcchanical equipment resulted in extraction of ‘all tho coal 
in the working places. This was not always possible in some sections becausc 
of roof falls. This incrcascd percentage of extraction was duc principally 
to the shorter time the roof was cxposed, and caves woro reduced to a minimm. 


Various typos cf mechanical loading devices arc in use. These types 
include mobile loading machines (cithor track- (fig. 8) or crawler-mounted), 
convoyors (with or without solf-loading heads), and scrapors. 


Mobile loading machines are best-suited to the mining of level beds or 
coal or to working on the strike of pitching beds. However, they have had 
limited uae in working placcs whore the pitch was as much os 12-1/h perccnt 
upgrade and 23 porcent downgrado. 


Conveyors are cithor the chain cr shaking type and are particularly 
suited to mining thin beds of coal but are uscd to advantage in mining thick 
beds on heavy pitches. As conveyors can bo operated in a nerrow space, they 
can be usod whore tho roof is not good. In Alabama, the Southwest, parts cf 
Pennsylvania, West Virginia, and other States where there are thin beds of 
coal, the use of conveyors has mido possible the recovery of coal that could 
not be mined economicaily by other methods at this time. 


a ‘Scraper operation is best adaptod to places where tho roof does not re- 
quire -closo timbering. at the faco. Irregular bottom or floor, however, 18 
disadvantageous to scrapor work. This device Is also suited to the extracticn 
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or coal from thick, pitching beds where physical conditions do not permit 
tho use of other types of equipment. In ordor to obtein maximum tonnagos 
por man in a scrapor oporation, the production from scrapcr walls and dovol- 
opmont should bo so balanccd that:a large output por mon on walls is not 
offsot by a small production per man from narrow work on devclopmont. In 
thin bods, where scrapors cen bo used, headings should bo driven wide in 
ordor to obtain maximum tonnage per: foot of. entry and to provides spaco for 
gob brushing (roof or bottom rock). It would appoar that if conditions are 
suitod to scrapers (good roof, hard and smooth bottom with no excessive 
dips, market for smallcr sizes of coal), theese will show a low total cost 
per ton (slightly less labor cost but considerably less investment) than 
convoyors in coal bods a the same enpeAnOEe 


As tho thicker boas of coal seeroneh depletion, thin beds may be mined. 
economically with mechanizod dcVvices for loading the coal. The rapid do- 
velopmont of loading: equipment, hewover, has added to the complexity of 
mechanical mining. Carcful planning is required for the return of capital 
invested in cquipment before obsolesconc: occurs. Coordination of overy 
oporction is neccessary. A study of mothods- coordinating transportation 
with loading is essontial and should. show the way to increase the output 
per unit and, honce, reduce thc cost per ton.: The men working with the 
machines should be properly. trained ao coucet ee to conduct the errr 

sefoly. ra 


In rocent years there has bcon rapid progress in the technique of mine 
ing coal by tho stripping method, which is considcrod mechanical mining. 
Whore tho topography of the area and the depth to the coal bed are favorable 
for stripping, 8 large percontage of tho total production of coal is obtained 
by this mothod. Tho production of strip coal has increased rapidly in soma 
Statcs, ané for tho United Sictes it has increased from 2. 8 ‘percent in 192k 
to 13.5 porcent in 193. 


In 1943, strip mincs in Alebamna producod 427,039 tone, which wos 2.5 
percont of the total output of. coal, minod in the Stato. 


Technique in: strip mining. has advanced fron tho uge of. toams nnd scrap- 
ors in tho carly days to clcctric-powerod shovols of large capacity. (35 
cubic yords) of today. (Refor to fig. 9.) Eloctric coal-loading equipment 
has boon institutod to replaco hand loading. Roth rail and motorized cquip- 
nent are used today to transport the coal fron ee nines to the tipplo, and 
the cone is proparod | ochanically. . 


Strip mining is perticularly eens to aroce&s ahs the coal bod. me 
cropa or lies et comparativoly shallow dopths - 60 fect or less (at groater 
depths for short distances), Tho thickness, physical ané chomical charac- 
toristics, ‘end dip-.of the coal bed, the composition of the tr are sai 


. ‘the tonography govern the extent of mining in strip arcas 


From the layman's point of view, strip sdstaalacnih @ simple proce-: 
durc. However, this method of mining has manypitfalls, and unioss-a thorough 
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and extensive study is made of the many factors involved, the venture is 
bound to fail. The investment in equipment is ercat; therefore, the proven 
reserves must be large to reduce the fixed charges. Exploration should bo 
thorough, cspecially on beds known to be irrogular in thickness and coxtent. 
Tho charactor of the overburden should be studied to determine the propor 
method of breaking this material. Tho many other phasos of this mothod, in- 
cluding drilling, stripping, loading, transportation, and preparation muct 
be given consideration. 


The ndvence made in strip mining have made this nothod of mining a dc- 
cided factor in conservation of coal deposits. 


The recovery of coal in underground mining in the States where strip 
mining is ismmortont ranges from approximatcly 50 to 60 percent. Strip min- 
ing recovers the m-ximm amount of coal from a given area, aporoximately 75 
to 95 percent, and is a means of preventing wasto of a natural resource that 
cannot bce replaced. ) . os 


_A contraphase of conservation in strip mining is the overturning of the 
land, which makes it uselcss for a timo. Erosion, weathcring, and natural 
vegctation usually will moke lands uscful for grazing, recrcational aroas, 
forest reserves, and, in scue places, agriculture. Years are required to 
roclain land by these mcans, and it has becn proved that planned reforesta- 
tion is 2 profitable investnont. 


Exyporincnts in systematic tree planting in Indiana and Illinois showed 
that this method of reclaiming spoil banks is successful. (Refer to fig. 
10.) Operators in other States have followed the example set by operators 
in these Statos. Not only can the reclaimed surface be convorted to timbor 
lands, but these lands have been used for grazing and fruit orchards. New 
industries should follow strip ae in these arcas where reclamation has 
beon instituted. 


Strip ee (which 1s mechanized mining) and the application of mochan- 
ical loading devices in undorground coal mines have becn factors in imprev- 
ine technique in extraction of coal and in improving recovory, which results 
in conservation of coal deposits. 


Australion Coal Mining 


One of the Burcan's mining onginoars with recont and oxtonsive experi- 
ence in Australia described the coal-mining industry of that country in the 
technical press.lt 


He pointed out that Australian cool mining has draw heavily on tho 
American industry for both mining practice and machinery. The mines are 
highly mechanized, though results are not equivalent to those in this country. 


ll/ Hawkins, R. A., Australian Coal Mining: Min. and ete August 1945, 


vol, 26, No. 464, pp. 382-4, 


U 
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Demands for coal are primarily industr ial, eatne the industry of mach of 
its devondenco upon climatic and soasonal. fluctuations. 


Tho Stetos of Tasmania gaa Victoria gcenerate hydrooloctric powor; the 
ronaindcr of the country must dopend on on annual supply of 10 to 13 nillion 
long tons of bituminous coel, 5 million long tons of brown coal, and on char- 
coal, wood, and inportod fuel oil. 


‘The brewn coal comes from a Stato-operated open pit at Yellourn, Vic~ 
toria., Approximately 75 percent of the output is consumed by the Victorian 
Government powcr stations, and the other 25 ree is ee el by tho 
otate and sold to the gencral public. . 

The coal deposits aro widely distributed, but most of the tonnage to 
supply 2 continont- ide market comes from three districte ncar Sydnoy, Now 
South Wales. A large proportion of tho production possesses excollont cok- 
ing properties. Gonorally, tho seams are horizontal, 6 to 14 fect thick, 
and havo frequent local undulations. 


. The univer sal systen of nining is. known ‘os. "bord-and-piiar,” which 
is sinilar to the Anorican blocic syston, 


Surface hondling eonsrsts only cof string ond ‘loading; and sonetines 
hand picking. In 1945, ono company startcd to construct a heavy -nedia 
cleaning praute | | | . .% 


High- saade coal resorvoes ere tees both in plies and in encetises 
known creas, and. could be increased furthor by the. ailpiamana acca of nodern 
coal- “clone nothods for tho einai coals. 


Eickhorf ‘Shoaring Machine 

| ‘In introducing and developing new types of equipnont and mothods for 
underground anthracite mines to improve the competitive position of anthra- 
cite by lowering production cos ts and to enhance tho safoty of the mine 
workors. through improved working conditions that will cccompany underground 
nodornizeticn, advantage was taken cf an opportunity .offored by the Tochni- 
cal. Industrial Intolligence Committed, - G-2 Division, SHAEF, for Buroau of 
Minos personnol to visit British and German mines and plento of nino-oquip-. 
nent manufacturers. Two lightwoight Gormnn shosring nechines, which oro 
unliko: chain cutting mochinoes manufactured in the United States, wore re- 
colved, completely . overhauled, and aro now:roady fcr underground testing. - 
Thoso machines aro thought to Do. especially. suitable.for winning coal in. | 
thin, stceply pitching beds as.soon as gangway a into a. separate 
working scction has beon. comploted. oe 


The’ Coal a es ae | ot ee 


“The vigid-blado Gorman cal ane ; which was uncovered by the Burceu's 
investigators as the principal European wartine development in underground 
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mining equipment ,12/ operated along a face 750 fect long and mined 900 tons 
per shift, is not suitable for planing anthracite without alteration. How- 
ever, design, manufacture, and development of a new type of vibrating-blade 
coal planer have been arrenged for by the Bureau of Mines. The selection 
of a location for experimental longwall mining is under consideration. De- 
signed for longwall work only, in beds of moderate pitch, the possibilities 
of its basic principle of simultaneous mechanical winning and loading with- 
out cutting or blasting can be determined only after it 1s proved that an- 
thracite can be pluned and an opportunity is given engineers to study the 
coal planer in actual operation. Its successful development would open the 
way for attainment of the continuous mining principle and would eliminate 
frequent. unproductive shifts. | , 


Scraper-Slide and Shaker-Conveyor Loading Machine 


_ Delay in delivery of steel parts and stock for the manufacture of the 
Bureau of Mines combination screper-slide and shaker-conveyor loading ma- 
chine for use in developing gangways in thin, steeply pitching beds made it 
necessary to postpore underground tests in the 1946 fiscal year. This load- 
ing machine is designed to eliminate transportation delays at the working 
face by providing for multiple car loading and in this way make possible 
one complete cycle of drilling, blasting, timbering, and loading each shift 
for twice the present rate of advance. Final development of this equipment 


should make possible the providing of more working places by the additional 
territory opened each year. 


fect of Scrubbing upon the Odorous and Irritating Constituents of Diesel 
Exhaust Gas 


In field studies of the uso of Diesel locomotives underground, it has 
been observed that the odor of Diesel exhaust gas can be detected in the 
underground atmosphere even when the ventilation supplied is sufficient to 
dilute each harmful constituent of tho exhaust to a concentration consider- 
ably less than its permissible maximum. Because the odor of Diesel exhaust 
gas is objectionable to some individuals, it appeared desirable to obtain 
information on the feasibility of minimizing or removing the odorous consti- 
tuents by scrubbing with water or water solutions containing suitable chen- 
icals. Full-scale tests have been made to determine the effect of. scrubbing 
Diesel exhaust gas with water. Bench-scale laboratory jtests havo been made 
to detorminse the effectiveness of solutions of sodium sulfite in water and 
to study methods for inhibiting the oxidation of sodium sulfite solutions. 


From information available at present, it is not. possiblo to state de- 
finitely which compounds or constituents of Diesel exhaust gas are respon- 
sible for the odor. Aldehydes are present in the exhaust and are known to 
have odorous and irritating properties. However, other constituents of the 
exhaust gas, such as unburned or partly oxidized fuel, which are present in 


12/ Buch, John W., Mining Thin, Stecply Pitching Seams with the Coal Pian- 
er in the German Ruhr District: Mechanization, November. 1945, pp. 
ae aniza ) rade 
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low concentrations, ‘may also contribute: to -the odorous and irritating prop- 
‘extics of the-exhaust gas. Until more- information is. available, it.is noe 
cessary to relato the odor and irritation of Diescl exhaust gas to the con- 
contration of aldchydes in tho exhaust gas. This is at best an approxim- 
tion, not only for -the reasons outlined above, but also because of analyti- 
cal difficulties in detecting and differentiating. between the different °. 
aldehydes that may be present. In the tests described: here, total aldehydo 
concentration was determincd by a modification of a methoals/ based upor ° 
the reduction of silver nitrate by aldehydes, and the result is ene. 

as equivalent formaldehyde. | 


Although tho limitatfons of water as a scrubbing medium for pisces ‘OX~ 
haust gas: could havo beon ‘predicted from theoretical considerations, it ‘was 
considered advisable to obtain experimental data on theso limitations to 
answor numerous inquiries on this subject. Furthermore, the data are of | 
interest in connection with the development of pormissible Diesel locomotives ’ 
as these will be equipped with water scrubbers for cooling the oxhaust gases 
and i quenching sparks. 


In tho studios doscribod, tho oxhayat gases from a four- sutnendcovels, 
four-cylinder, comercial Diesel’ engine (cngine B) wore bubbled through a 
scrubbing tank containing approximately 10 gallons of water for a period 
of approximatcly 6 hours. Arrangoments wore made to replace, continuously, 
the wator lost by saturation of the cxhaust gas. Samplos.of gas. taken bo- 
fore and after tho scrubber wore analyzed for carbon dioxide, carbon monox- 
ido, oxides of nitrogon, ard aldchydos. Observations of odor intensity 
and nasal and eye irritation were made on both the ae Becer pucistaes @AS0B. 


The effoct of wator por upping upon tho romoval of ‘Manease from Diescol 
exhaust gas is shown in table 3. Tho results indicate that a portion of the 
aldehydes prosent may bo romoved by water scrubbing. ' ‘The fraction removed 
doponds on the concontration of aldchydes in the inlet gas, the concentra- 
tion of aldehydes dissolved in the water, the temperature of the scrubbing 
water, the surface of scrubbing water oxposod,’ and the time of contact of 
the agiaust gas in the scrubbor. In full-scalo tests it is’ not possible 
to control many of these veriabloe, and thercfore direct comparisons are 
difficult to make. ‘Howover, the results of tosts at 1,400 r.p.m. indicato 
that at highor scrubbing tompeoraturos (groator than approximately 13°F, ) 
tho romoval of aldchydos is negligible when the inlet concontration is of 
tho order of 20 p.p.m. The cffoct of rcducod timo of contact is: “also: in- 
dicatod in comparisons of results of tests at 70C and: A 400 r.p.m For 
oxamplo, at.comparablo scrubbing-water temperatures, tho percentage removal 
of. aldehydos is considerably loss in the ‘tosts’ at. tho lower timo of contact 
(higher cnginé specd). Scrubbing the ‘oxhaust gas, with water romovod no car= 
bon monoxide and only “a very small fraction of the’ barkon’ Aloxides’ Tho roe! 
moval’ of oxides of eee WAs negligible. : e 
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TABLE 3. - Results of tests on the Serubbineg of Diesel exhaust gas with water 


Volume of | Temperature | Concentration Aldehydes re- 
Engine |Engine!| dry exhaust! of scrub- | of aldehydes, p/| moves percont 


-load,|gas, cu.ft.| bing Wet .pem. by vol.£/| of aldehydes 
3 Tnlota/| Outlets/| in inlet gas 


No. |r.p.m 1 

1D) ates 5961 0.2 2,100 35.3 10. 73 
LO sai 684) 3.6 2,130 99 10.6 ew 46 
12 Gos 6991 9.7 2,150 115 27.9 5.8 79 
13 weve | 705} 9.8 2,060 117 14.0 4.0 71 
1 Seek Leer 4 4 4.00 98 101.6} 65.2 56 
yas 1,429) 8.9 4 5200 122 91,0.) 31.8 39 
D5: eas 1,386 02 3,870 134 23.7 22.9 

1/ Dry gas at 29.92 mm. of mercury and OOOF, 


2/ Expressed as cquivalent formaldehyde. 
5] Woighted average for 6-hour test. 


_ Tho results of observations of siiee intensity, nasal irritation and eyo 
irritation of the raw and scrubbed gas are shown in figure 11 as a function of 
concontration of aldchydes in the exhaust gas. The average intensity of cach 
stimlus ropresents an average of observations of at least five individuals. 
The intcnsity of odor or irritation is arbitrarily definod as follows: 


Odor intensity Ey 6 and nasal irritation 3 


QO - No odor. | | 0. + No irritation. 

1 - Very faint; minimum odor, 1 - Faint, ‘ just perceptible, 
but positively PRECREUANCs ‘throshold, not ee 

2 - Faint, weak odor, readily Fe al e- Moderate. 
percoptible. 

3 - Easily noticeablo, moderate’ 3 - Strong, discomforting, 
intensity... | emi but may be cndured. 

4. Strong, cogent, forcible 4 = Intolorable, cannot be 


odor. - | endur ed. 


5 - Vory strong, intonse offect, 
may bite or irritate. 


Figure 11 indicates that both odor and irritation are related to the con- 
centration of aldehydes in the exhaust. In every instance a slight reduction 
in intensity of odor or irritation was observed when aldehydes were romovod 
by water scrubbing. Figure 11 also.indicates that the threshold of odor (as 
indicated by aldehyde concentration) occurs at a concontration of the order 
of 0.53.p-pem and that the threshold of nasal and eye irritation occurs at 4 
concentration of 1 to 2 p.p.m, If we assume that an atmosphere containing 
0.53 pep.m or aldehydes would be odorless, then exhaust.gas containing 30 p.pP.l 
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- Relationship between aldehyde concentration and odor intensity and nasal 


and eye irritation of Diesel exhaust gas. 


Figure Il. 
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of aldchydes would require 100 volumes: of air per ema of eheies. gas to 
produce an odorlcss underground atmosphere. This dilution is considorably 
greatcr than that generally necessary for carbon monoxide and oxides of ni- 
trogen. It is not surprising, thorefore, that the odor. of Diesol cxhaust 
gas can be detected even whon ventilation is Boaete for the harmful con- 
stituents of this oxhaust. | 


From. the forogoing, it is evident that wator is not a satisfactory 
scrubbing medium for Dicsel exhaust gas, as under some conditions nono of 
the aldohydes arc removed, and cven undor the most favorable conditions tho © 
romoval wos not groator than. approximately 80 percent. It appcars dosirablo, 
thercfore, to scck a more Cereercnt means for roe ar eony See 


Studios are in progross on tho aaa of avacnyaes by solutions con- 
taining sodium sulfite. Proliminary laboratory tosts have shown that sodium 
sulfite solutions are ocffective at temperaturos as high as. 160°F,. Howovor, 
it is necessary to retard the oxidation of sodium sulfito by the addition of 
an inhibitor. Suitablo inhibitors havo ‘been found, and full- pera tests axe 
in progress. — 


Porformence of Dicsel ines 


In studios of the offect of barometric pressure upon. the composition of 
the cxhaoust gases produced by Diesel engines, considerable data wore obtained 
incidentally on ongine performance. Analysis of theso data lod to the do- 
‘volopmont of methods for convorting mo&surements of the pawer output of 
Dicsol cnginos to standard atmospheric conditions; a problem thot has con- 
fronted the Diesel-engine industry for many yoerg. The fundamental thoory. 
undox‘lying this problem was developed in 1941, 14/ and the recent. testa of © 
throo difforent, normally aspirated, commercial, four- stroke-cyclo Diosoel .. 
onginos at difforent barometric. ie pormitted an. extension and expori- 
mon tad verification of this: theory. a & bikes 


Mino Roscuc Telcphonés | 


Tho Bur‘cau has exper Siuritod with pattory “powared ‘tolophonic equipment 
sinco 1925 in attompts to dovelop a safe and depondable mothod of communi - 
cating with rescue crews working in dangerous explosive gases. A gystom 
consisting of transmittors, reccivors, and 1,000 foct of two-conductor cable 
has boen dovised and used successfully in actual roscuc and recovery work 
undorground.. Tho assombly consists of two dynamic-type reccivors, ono worm 
by a monbor of ‘the crew ond .ona by on attcndant at the frcsh-air base, one 
vibration~powored transmfttor, ono voico-powered transmitter » 1,200 fect of 


Elliott, Martin A., A Rational Basie for Corrolating ta on Cares 
; eion-Ignition Engine Porformanco Obtained at Differerit Intako and Ex- 
haust Conditions: S.A.E. Jour.) vol. 40, 1941, pp. 532-543. : 
15/: Elliott, Martin A., Convarsionof Measurements of Power Output. of Dicsol 
oe ‘to Standard Atmospheric Conditions: Trans., A.S.M.E., vol. 
68, 1946, pp. 525-539. 
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two-conductor cable, and a reel.. The cable is used in place of the rope 
formerly employed for a signal and life line. The conventional sash-cord 
type of life line was never satisfactory; frequent failures occurred in 
transmitting pull: or jerk signals owing to fouling of the rope or its elas- 
ticity. The greater ease and scope of telephone-voice commmication removes 
much of the difficulty and uncertainty formerty experienced and allows ‘the 
work to be done more safely and efficiently. 2 oe | 


Allaying Mine Dust 


Coal dust pveeaite: an ever-present coal-mine eis hazard, ana | 
persons forced to breath large quantities of it may be made subject to res-_ 
piratory infection. Dust-allaying equipment for. applying water or wetting — 
solutions on the cutter bars of mining machines, on mobile loaders, on 
belts or conveyors, and on loaded cars is being installed in more mines 
every year. These installations are far from being standardized, and, to 
assist in the adoption of the best-known present practices, the Bureau has. 
surveyed available equipment and the installations and systems now in use. 
A report has been published giving in detail suggested arrangements of dust- 
allaying equipment as an aid to both manufacturers and mine officials toward 
obtaining the most efficient systems. 


Hazards of Trolley -Locomotive Haulage 


Trolley-locomotive haulage has been an importerit factor..in the superior 
efficiency of: production in the underground coal mines of the United States. 
It has proved to-be rapid, economical, and efficient; nevertheless, so many 
hazardous features and unsafe conditions are involved asito justify the . 
view that the system should be scrapped unless operation can be modifidd 
to bring about safe conditions. The hazards have: been recognized for years, 
and although efforts have been made to combat them,-the size of equipment 
and extent of mechanization has increased without finding workable means — 
of safeguarding lives and property against. dangers of shock, gas ignitions, 
and fires, Alternative methods of transportation are being investigated 
as a solution to the problem in the event that trolley systems cannot.be 
properly safeguarded. 18 Among the methods under study by engineers of. the 
Health and Safety Branch are avr apes babeery dal | conveyor 5 oa, 
and Diesel pO OmMOetV ees 


Forbes, J. J., Griffith, F. E., Cash, F. E., and Petersen, Max Si 
Mine Rescue- Life-Line Telephone Assemblies: eae of Mines Rept. 
of Investigations 3875, 1946, 9 pp. 

17/ Owings, C. W., Suggested Methods for Installing Dust-Allaying Equip- 
ment in Bituminous-Coal Mines?” “Bureau of Mines Rept. of Inveati- 
gations 3843, ‘1945, 31 pp. -.- 

18/ Harrington, D., and Warncke, R. G. ;: Hazerde of.: ‘the. Trolley -Locomotive 
. Haulage Systems: Bureau of Mines. Inf, Circ. 7328, 1945, 37 pp. 
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Technicians and engineers of the Health and cate Branch have inves- 
tigated the use of Diesel locomotives in mines and timnels to discover 
their limitations or gdvantages. One series of tests, on which a report 
has been, publishea,+ was conducted by the Bureau of Mines on the Cascade 
Tunnel of the Great Northern Railway to determine the effects upon the tun- 
nel atmosphere of a Diesel freight engine. The tunnel was not provided 
with mechanical ventilation. The observed concentrations of carbon dioxide 
Were not hazardous, nor was the oxygen content of the tunnel air depleted 
to a significant degree. Carbon monoxide was only slightly about 0.01 per- 
cent at any time. Oxides of nitrogen were found in 4 considerable area bo- 
hind the train in concerftrations exceeding 25 parte per million, usually 
considered the maximum permissible in working places; persons at work in 
the tunnel might be affected, but crews on moving trains would not be endan- 
gered. The foregoing contaminations wero observed for trains pulling up-. 
grade; no appreciable contaminations were observed for downgrade trips. 
Smoke from the locomotive reduced vieibility in the tunnel. | 


Liquefied Natural-Gas Fire in Ohio 


On October 20, 1944, a disastrous fire occurred at the hipuraneies, 
storage, and rogasification plant of the Bast Ohio Gas Co., Cleveland, Ohio,20/ 
as tho rosult of failure of an insulated cylindrical tank in which liqueficd 
natural gas was stored at less than 5 pounds per square inch pressuro.and at. 
@ temporature of minus 250°F, Eye witnesses of the failure of the tank ro-.- 
portod that streams of liquid or fog issued from its side, and that almost 
immodiately the tank opened and discharged its entire contents over the © 
plant and adjoining proporty at a lower elevation. The gas onterod storm 
sowors, was ignited, and exploded. Heavy’ loss of life and proporty resultod, 
The Bureau investigated the disaster to obtain technical information that. 
might holp to prevent similar occurrences; representatives of the Health — 
and Safety Branch joined with membors of the Fuels and Explosives Branch in . 
tho investigation and in the report issued in 1946. Definite conclusions’ | 
woro not reached regarding the cause of the disastcr; however, it was dotor- 
minod that the possible causes of failure of the tank wero improper. dosign, 
use of stool unsuited to pressure and temperature conditions in such a tank,, 
or 8 flaw in the plates or on the woes: , SS me ee 


Procedure for Tosting Solf -Containod Broathing Apparatus « ; 


Dovolopmont of now typos of solf-containod oxygon or comprosacd-air en 
ou apparatus made advisablo the rovision =e specifications undor 


Berger, be B., and NoGuire, L. a Observations on tho Use af. & Dicsol- 
 Froight Locomotive through a Railway Tunnel: Buroau of Hinge mene 
of Investigations 3887, 1946, 20 pp. 
20/ - Elliott, M. A., Seibol, C. W., Brown, F. W., hires, R. C.,. and Borgor, °- 
L. B., Report on the Investigation of. tho Fire at tho Liquofaction, | 
-: Storage, and Regasification Plant of. the East Ohio Gas Co.', Clovo- ~~ 
land, Ohio, Oct. 20, 1944: Burcau of Mines Rept. of Invostigations 
3867, 1946, uy Pp. nee 
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which the Bureau tests such equipment for approval for use in irrespirable 
and poisonous gases. Tosts were made of recently developod types operating 
by use of .oxygen-generating chemical charges, by compressed-air supplies, 
and by compressed oxygen. Suitable tests and standards of performance ware 
established which all types of Sppere tue must mect for approval, and a re- 
vised: schodulo was ee 21/ 


Singlo-Shot. Blasting Units 


Tho sens enente: and specifications under which tests are made for 
Burcau approval of blasting units used in gassy mines undergo modification 
as now devices, and blasting practices are dovoloped. Aro By7e0% schedulo 
for eee and approving single-shot units was published. 


Coal-Mino. Hoalth Hazards 


Laboratory and fiold investigations of hcalth conditions in anthracite 
and bituminous-coal minos were carricd out in connection with requiremcnts 
of the Fedoral Coal Mino Inspection Act by Hoalth peeeenee pendonner: Dust 
and gas Bempred wore collected and analyzcd. oo 


' Potrographic examinations and qualitative and quantitative X-ray aqif- 
fraction determinations wore made on gross samplos of rock, coal, ‘traction 
material, and rock-dusting material in bituminous coal mines. Surveys woro 
mado of imbhygionic atmospheres in anthracite mines. The drilling speod and - 
dust dissemination of elcctric-augor, pnoumatic ‘rotary, and pnoumatic piston 
drills using difforent types of drill. stool and bits ware studied. 


Coal mino inspectors. and Saf oty. Division parsonnol wore trained it dc- 


‘tormination. of unhygienic dust in coal mines, .Thé coursé includod sources, 


formation, properties, dissemination, and behavior of dusts; methods of 
sampling, doetormining composition and concentration of dust in air, and 
counting dust particles; physiological. effocts of oxposuro to dusts and por- 
missible limits » and principles. used in controlling dust. 


a pe report + was as proparcd23/ « describing the colls or containors usod to 
hold a known small depth of the dust-containing liquid from impinger, fil- 
tor papor, and othor samples collectod from the air while the particles ro- 
vealed by a microscope are counted to obtain an indox of the concentration 
of dust in tho sampled air.~ -Informtion. is. given on such subjects as the 
kinds. of cells available, kinds used, actual, eopule of cells, and Coos Mes 
tion of ginglo, inexpensive colls. 


_ Procodure for Testing Self-Contained Broathing: Apparatus for Pormissi- 

Ji. ,bLlity: Bureau of Mines Schedule 136, 1946; Federal Register July 

17, 1946, vol. 11, No. 138. | 

22/ Burcau of Mincs, Singlo-Shot Blasting: Units: Schedule 12D, 1945; Fod- 

eral Register, Dec. 11, 1945, vol. 10, No. 241. °° 

23) Brown, C. E., Beatty, R. L., and Kirby, T. B.,. Dust-Counting Colls: 
Burcau of Mines Inf. Circ, 7331, 1945, 9 pp. 
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| A etuaye/ was made to obtain information on tho approximate size of . 

- tho smallest dust particlos. rovealod. by or tho limit of visibility of various 
microscopic’ systems. Tho information was dosirod mainly for use in inter- 
‘proting and evaluating results of: number-concontration and particlo-sizo do- 
terminations on samples of unhygienic particulate mattor collected from in- 
dustrial atmospheres and in developing botter. mothods for such doterminations. 


: A serios of testsed/ was made with a Traube' 8 _etalagmomoter’ for thin 
liquids to see if it could bo used for detormining the concontration of wot- 
ting agont in solution as it camo from the nozzle of the wator spray usod in 
dust-control work, This dotormination is important, as under similar condi- 
tions and presumably tho same concontration of .wotting agent in solution it 
was observod that the offect was not uniform - in some instancos tho wotting 
agont added scomed to have no mro effect than plain weter. This was prob- 
ably due to Ee aa oe rosulted in & concontration hemaiy in . 
uniform ty. . : : ae 


The rosultse indicate.that irate! 8 sealneacmetee 5) which is Pernt 
availeblo, is a device that can bo used for accuratoly dotormining tho con- 
centration of wetting agent in solution. Doterminations can be mado quickly, 
on the job, by: a person who is not. ospocially trainod in laboratory techniquo. 
Tho instrumont should find wide application in industry to holp interpret ro- 
sults and control consentration Rickie a vetene a is usod in a wator 
solution. . | | 


_ | Use of Explosives and, Gaseous Explosions 
Incroase_in charg, o Limit of Pormi sstblo Losivos: | 


At the euquece of tho. cool- -nining dvaastey seeiae. moans of incr oasing 
coal production, the Bureau of Mines undertook an investigation to ostablish 
‘whother largor chargoe thon tho oxisting limit of 1.5 pounds of. .pormissiblo 
explosives could doe used with safoty. Since then a continuing study has | 
boon conducted in the Experimontaol €o0al.Mine to determine the factors that. 
affoct the ignition of ‘gas and dust in a coal mine using lerger woights of 
‘explosives. By. 1945 the resulta wore sq encouraging that. tentative safo 
conditions wore established. under. which pormisaible explosives may bo usod 
in quantitics up. to 9 pounds per shot... These wero set forth in a new par- 

mi ssible cers The tentative approval to raise the limi ting chargo 


voalcd by. Various - Microscopic Systems: Bureau of Mirios Rept. of In- 
vestigations 3821, 1945, 121 DP. - : 
25/ Harmon, Jy. Pv, Wetting-Agont Concentration itn Water Solution Determined 
- 5 by the Drop-Number Methods . Buroau of Minog Inf. Circ. 7351, 1gh6, 


6 pp. 
26/ Burcein: of Minos, Procedure for Tosting ‘xplosives’ (Including Shoathed 
Explosives) and Blasting. Devices for Permissibility. and Suitability: 
Schedule lf, Approved January - 20 and March 1h, 19h5 P eh) pp.; Dupli- 
cated from Federal Registor, vol. 10, No. 26, "Feb, 6 7 1945," pp. 
1476-1483; No. 60, March 24, 1945, p. 3131. 
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of ‘permissible explosive per shot holo from 1.5 to 3 pounds: hes- bech extond- 

od to December 31, 1947. Before meking this approval permanent, it is de- 

eirable to acquire more knowledge of all the factors that affect the igni- 

‘tion of gas-air mixtures at the coal face by eae flame or by ae products 
of det vonation of explosives, 


To this end, 125 further tests were made in the eerie Coal Minc 
with a high-rate gelatin-type permissible explosive. ‘The explosive car- 
tridges used wero l- 1/2 inches in diametor and 8 inches ‘long. ‘They werc 
loadod to the roay of borcholos’of 2-1/k-inch diameter and fired by a No. 6 
‘detonator at the rear of the charge. Under eich set of test conditions, © 
five successive tests wore mado to determine the probability of ignition of 
the gas mixture’ near the test faco. Two principal sories of tests were 
mide, Ir one series, tormed blow-out shots, tho explosive was file-loaded; 
1.0., the cartridges were laid end to end in the borehole, which was not 
stommed. In this case the flame and products of the detonation were eject- 
ed chiefly along the borehole. One of the objectives of these tests was 
‘to dctertine the effectiveness of: sheathing upon the explosive cartridges. 
The shéath is 1/4 inch’ thick and covers the full length but not the ends 
* of the cartridge; its purpose is to cool’ the flame and combustion products. 
The tests revealed that in a 36° inch-long’ ‘borehole the maximum charge of 
' unsheathed explosive for no gas ignitions‘in ‘Pive tests was 1.4 pounds, 
wheréas even 3 pounds ° of sheathed explosivé (maximum weight that could be 
loaded to collar of borehole) gave no ignitions. 


The purpose of..the..second.series.of.tests was to.study the danger in- 
volved in shot-firing in coal beds where the boreholes intersect fissures 
or cracks through which flame from the explosive might reach.gas pear the 
coal face, In this work, artificial fissures in the form of circular and 
rectangular holes. Were introduced between the borehole (which was stemmed) 
"and a shear cut 6 inches distant from the' borehole.’ The following factors 
were investigated: (1) Effect: of shape and cross-sectional area-of fis- 
sure; (2) effect of location of fissure-in-relation to explosive charge in 
borehole; (3) effect of weight of charge, and: (4) effect of sheathing on | 
the probability of gas ignition. It was found: that with fissures of 6-inch 
length there is little difference in the probability of ignition in the > 
presence of round or circular holes and rectangular’ holes of different - 
shapes but, of” equal cross- adctional areas. This was true for file-loaded 
explosives and also for a loading density of one; 1.e., when the cartridges 
Were defdrined ‘sd as: to fitL the entire cross section of the berehole. 

. Study of the effect. of increase in cross-sectional area of fissures dis-— 
closed that the probability of ignition of the gas by the explosive in- 
creases approximately. linearly. with. increase in fissure area. To investi- 
gate the effect of location: of the fissure relative to. the charge in the 
borehole, tests were made with a round fissure (1-1/2 inch diameter) in- 
tercepting the charge at the base of the detonator, midway in ‘the charge, 
; and at the. front of -the explosive charge. The results indicate that the 
ignition probability increases | slightly as the intercept of the fissure 
moves toward the front of the charge. 


y io 
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To determine the effect of weight of explosive charge upon ignition 
tests were made with fissures of constant shapes and areas, Preliminary. 
data indicate ‘that with file loading and. also. with density-one loading, | 
_ change in. charge weight from 1-1/2 to 3-1/2 pounds did not increase. the 

mropepe ts Of. ignition. This factor, is bares studied further. 


ie Do test the effectiveness of gheathing upon explosive cartridges. fired 
in ‘porcholes in fissured coal, teats were made with file-loaded chargos of 
. 1-1/2. and 3-1/2 pounds in the presenco of rectangular fissures. The. re-. 
sults indicate that shoathing on cartridges reduces tho probability. of. gas 
ignition considerably below that of unsheathed explosives, but it doos not 
complotely, eliminate. the hazard, The conclusion reached. from the work 
dono thus-far with shots firod by. pormissiblo explosives in. stemmed. boro- 
holos. in fissured coal is that the presonce of. cracks of fissuros. greatly 
.gnhances the chance id accidental, ignition of gas near tha working face, 


the Geacous Products. from Pormissiblo. 


Effoct of Shoaths ) 


: The continuing development of saf 6r explosives for use in mining coal 
is of groat interest to both the manufacturor and the user of. permissible 
oxplosives. Tests by. the. Bureau of Mines and by testing stations abroad 
have shown that the ignition hazard of explosives fired dn the presence of 
gassy atmospheres may be reducod by. the use of. & sheath. The introduction 
of sheathed qxplosives in. Bolgium in 1914, the adoption of sheaths by 
Groat Britain in 1933 and by Gormany in 1938, and the continuing consump- 
tion of shoathed explosives attosta the importance of. sheathed oxplosives 
in Europe. Although in this country sheathed oxplosives are not used wide- 
ly, intorost in them is shown by. passage of State laws permitting thoir use 
on shift and dy patonts greantod to manufacturers of explosives, The forma- 
tion of poisonous gases.in the detonation of explosives. also may ‘prosont an 
important hazard if.they are produced in. sufficient. quantity .. A recent . 
_ study of. tho effocts of sheaths upon the production of” the poisonous. gasos, 
.. carbon manoxide and nitrogon des, and upon the total volume of gaseous 
products has been publiahod.2l/ somo offects of sheaths upon nitrogen and 
carbon recovery and upon the oxygen condition as eons in me Bichel 
gage end C-J apparatus are discussed here. ee ro : = 
In the Bichel gage, the gases are produced detonation’ at’ low load- 
ing densitios without stemming. The 0-3 apparatus permits ne — the 
use ) of stomming, oar &:, ene: sogree of. eee lag 
_ Nitrogen balances voro eelouiated for the ghecuus seaaacta from a: :largo 
numbor of permissible oxplosives. The nitrogen recovery; ‘which 1a.the per- 
contago of nitrogen in the original oxplosive which appcoars in the gascous 
. products of detonation; gives some indication of comploteness:.of Peaction 
of the nitrogon-bearing osnsatituents, a low nitrogen recovory being indic- 
ativo of incomplote reaction. Low nitrogen recovary is.often, though not 


2 Ficldnor, A. C., and Brewer, R. E., Annual Report of Roscarch and 
Technologic Work on Coal, Fiscal Year 1945; Bureau of Mines. Inf. 
Circ, 7352, 1945, 103 pp. 
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. always ; naavcietcd oats nigh sesdae dee of oxides of eiexegens The nitro- 
gon-recovery results (fig. ’ 12) indicate that ‘dotonation of unsheathed ex- 
plosivos’ inthe Bichel gago was essentially complete, but that the addition 
of a sheath ofton caused marked decrease in nitrogen rocovery - as low as 
«56 percent in one case. In the C-d apparatus, nitrogen recoveries were 

| somewhat. lower ‘for unshoeathed ‘explosivos,: » but the addition of a sheath did 
“not cause B80 marked a docrease in nitrogen recovery &s5 occurred in the 
_Bichel gage.’ In othor words, oxplcsives under confinement are not so ad- 
versoly aff octed by shoaths ag are unconfined explosives. 


‘Carbon balances are indicative of tho completeness ‘of reaction of the 
‘carbonacoous maitorial: for tnsheathed cxplosives. Tests in both ‘the C-J 
apparatus and Bichel gage’ indicate essentially complote reaction for the 
unsheathod oxplosives tested (fig. 13). With sheathed explosives, carbon 
recovery may be more than 100 percent, because in the computation of the 
carbon.input it.wos ‘assumod. that. only the carbonacebus combustible material 
of the explosive and tho sheath entered into the reaction and that none of 
tho sodium bicarbonate of tho sheath was decomposed. Sorie decomposition of 
tho inorganic mtorial did occur, as shown by the high carbon recoverios 
‘in some tests. With shoathed explosive in Bichel-gage tests, the recover- 
des ranged from 64.6 to 125.5 percent; in the C-J apparatus the recoveries 
“ renged from 79.1 to 121.8 percont. These results indicate that a sheath 
may cause incomplets reaction of tho carbonaceous material. 7 


t \ 


' The ee eros ratio, which is dof ined as the ratio of tho 
oxygen required to complotely oxidize all the carbon’ ‘and hydrogen in the 
‘gaseous products to tho oxygen requirod to oxidize ‘all the carbon and hydro- 
' gon in the original oxplosive, is also indicative of the completeness of 
‘ roaction. © Incompletenoss of reaction or ‘the formation of free carbon is 
indicated by an oxygen-requirement retio of loss than 100 percent. The 
-oxygen-requirement ratio results are prosentod ‘fn figure 1k. These results 
again indicate that the addition of a sheath may, cause incomplete reaction, 
ie laich mies! in. une Bichol gage. ae 


Effects of Type of fomens wih Nitrate upon. the Gases Products from Shoathed 
pac EEE Explosives 


P meate wero mode with two ceratasitts ewissiiees sheathed and un- 

sheathed, similar in all respects except that one sample-.contained spray- 

process ammonium nitrate and the other contained graining-koettle ammonium 

'. nitrato, to detormirie the effoct ae APE of. ammonium nitrate upon the pro- 
eageace of ones: of BE STOS oa: 


~~ 


: ‘It: wag ‘found that: addition of. a sheath nna idemeatente increase of 
oxides. of nitrogen-with the graining-kettle ammonium nitrate,’ but no ‘signi- 
: ficant. eee was made Tor the bs sia ahaa aitrato. 


or ww me 
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NITROGEN RECOVERY, PERCENT 
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Figure 12. - Nitrogen recovery in Bichel gage and 
C-J apparatus. 
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Figure I4. - Incompleteness of reaction as shown by 
the oxygen requirement ratio. 
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Sensitivity of Explosives to Initiation by Electrostatic Discharges | 


It has long been recognized that there are static ‘aiocuieal panda! 
associated with the manufacture, handling, and use of explosives, particu- 
lerly initiating explosives, but only within recent.years has a systematic 
attempt been made to obtain quantitative data on such hazards, The Bureau 
of Mines: ‘has made and is continuing to make ar extensive study of the stat- 
ic electrical hazards associated with the manufacture, handling, and use _ 
of explosives. Preliminary investigations on a number of explosives have 
been made,26) The results indicate that a considerable riumber of explo-— 
sives, including primer, initiator, ‘detonator , igniter, tracer, and incen- 
diary types may be ignited by electrostatic discharge energies less than ’’ 
those that may be built up on and Aischarged from the human body. It was 
‘established that electrostatic energies accumilated on the body may read- 
ily reach values as high as ‘0.015 joules, and this value was accepted as: a 
standard in determining for what explosives extra precautions: mist be taken 
against electrostatic discharges. This standard was accepted: by’ the U. 8. 
Army Ordnance in drafting their safety requirements for Ordnance plants 

manufacturing or handling explocives. oe : 

Further work on this subject has included iceamtliietena of Stacie 
~gtatic sensitivity of most commercial detonators manufactured in the Vnitted 
States, Marked differences in sensitivity have ‘beam found, depending | on 
composition of ignition charges and on sare’ S of bridge vire and COBO, 
of the detonator. : - can ot ee 


List of Permissible Explosivos | eke ee ae 

a" permissible explosive is. one that is’ similar chendodtiy,, nivel olkiy, 
_and in all other respects to a basic sample that has' passed certain re- _ 
" quired approval tests of the Bureau of Minob. ter an explosive or blast- 
ing device has passed all the required teste ,£2/ .it may be placed on the. 
permissible list. This list is constantiy being-revised: owing to additions 
of explosives and blasting devices that have passed the tests and to trans- 
fers botweon the active. and inactive lists. As of June 30, 19h6,. the list 
contained the names of 180 explosives and 9 ‘blasting. devices, compared with 
the names: of 178 explosives. and 9. blasting devices on the lists as. of June 
30, 1945, 20/ Of. the two new explosives. added to the list, one was: sub- 
meee for asian tests oe aa ae and the other. was an additional 


e & 


” Brown,. ° wy Rasicr, o Joy and. 1 on, 7 long itivity. oP Explo- 
gives. to. Initiation by peoatron-wete. Discharges: Bureau of ‘Mines 
_. ‘Rept. of Investigations 3852, 1946, 8 pp. 
ay Buroan ef Minos, Procedure for Testing. Explosives (Tholuding Shoathed 
Explosives) and Blasting Devices for Pormissibility end Suitabili- 
ty: Schedule 1F, approved January 20, 1945, 15. pp... (Tost. condi- 
tions ae procedure to follow in making application for tests aro 
given. 
30f Tiffany, J. E., and Gaugler, Z. C., Active List of Permissible Explo- 
sives and Blasting Devices Approved Previous to December 31, 1945: 
Bureau of Mines Rept. of Investigations 3910, 1946, 20 pp. 
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namo given to an explosive already on the M'st.--The nine -models of. Cardox 
peas devices remained the same as last y.oar, 


Con neumption of Pormigsible Explosives: _ _ 


In blasting coal, only permissible explosives should be used; other- 
wise disastrous explosions may. .occur. Permissiblo explosives were first 
introducod in 1909, and. their subsequent use has increased steadily. Dur- 
ing the fiscal year 1946,. the consumption of. permissible explosives in 
coal.mines amounted to almost 91 million pounds.: In addition, there were 
usod almost 34 million pounds of black blasting powder and slightly over 
97 million pounds of high explosives other than permissibles. .Thus, about 
2.7 times as mich permissible explosives as black blasting powder was used. 
Thore has been a stoadily increasing ratio since the fiscal year 1940, the 
first yoar in which tho consumption of pases bre: sete aa that 
of black blasting powder, — 


Subsequent to the introduction of permissible explosives in “1909, more 
than 1-1/2 billion pounds of these explosives have been used in coal mines, 
When used in & permissible manner, they have never been known to be the 
cause of a mine explosion. .In the few instances of explosions in which per- 
“migsible explosives were involved, the fact has beon established that the 
oxplosives wero used in a nonpermigaible manner. - Even in recent yéars some 
mince disasters have been caused by the use of black blasting powder in mines 
that wore definitely gassy. There can bo no excuse for continuing the use 
of black blasting powder in coal mines. The conditions ef use prescribed: 
by the Bureau of Minos form an essential part of tho requiremonts for per- 
missibility, and failure to observe any of these conditions constitutes a 

‘violation of the requirements and renders the use of the acne or 
_ blasting devico nonpormseible. sda Be wees 


Field ¢ 


les of Permissible. £ Losives, 
To continue to be permissible,” en explosive or blasting device mst be 
80 manufactured that it will possess all. the chemical and physical charac- 
teristics of the basic sample. To ‘check these characteristics, samples arc 
takon’in the field and retested. Tolerances that are allowed when compari- 
son is being made with a basic sample are sot forth in Schedule 1F. — These 
‘tolerances define the limits beyond which field samples cannot vary and 
still be considered permissible for.use in coal mines. Thirty. samplos . 
were collected during the-fiscal yoar. Only. one failod to pass: gallory 
teat 1, and all the othor samples passed both gallery tost 1 and 4, although 
13 of these samples did not. meet the tolerances for their chemical. and phy- 
sical characteristics. ‘Saf eguarding the quality of permissible oxplosives 
through field sampling has been'an important factor in promoting safety in 
Mie coal-mining industry in the United States. 
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oe “The minjeture-certrtage “test3l/ was. “developed as a means of evaluate. 
_ ing the relative initiating efficiency or strength of a detonator. This 
value is. measured by the weight of sand crushed when the detonator under 
test is ‘fired ina miniature cartridge of an insensitive mixture like ‘INT 
.- and iron oxide weighing. > grems -etthedded in &@ weighed quantity of standard 

Ottawa send and held ins. bomb.. From this weight of sand crushed is ‘sub- 
tracted another weight. of. sand which is crushed when the same kind of de- 
tonator is fired embedded in a 5-gram charge of pure iron oxide. The value 
thereby derived represents the. initiating efficiency of the detonator cae 
comparison with values obtained Prom detonators with vablous = of 
radia | ce paaakd used as the bese cherges.. os yee 


: “ Based wpon. the | more recent tests, it is believed that the ‘initiating 
- eet tetency of a detonator is improved (1) by substituting for a mixture of 


' . mercury fiulminate-potassium chlorate (80-20) any one of. the following com- 


pounds uséd' as. base charges. (improvement follows in the order enumerated:. 
' (a) Tetryl, (b) PEIN, (c) Cyclonite; (2) by using a reinforcing capsule : 

for enclosing the priming charge; (3) by-use of an aluminum shell instead 
of. a gilding motal shell, and (4) by. use of a. small-diameter shell. co ge 


“During the war, @ large variety of detonators captured with oa” | 
equipment was examined and tested. The detonators included those of Ger- 
man, Italian, and Japanese make. Most of the German detonators were loaded 
in aluminum shells charged with a base tpnstituent of tetryl or PEIN and 
had. a priming ae, of lead azide-lead cou enclosed in a.reinforcing 
capsule: | 2. 
Technical. Assistance and Services to others : . ae i an cg he 


eS es «6 & 


eral agencies. This included consultationa on matters ‘pertaining 7 ‘de- 
Molition explosives and equipment, safety inspections ‘of ‘the testing area 
of a military reservation, surveillance téats of Bropellants | ‘and explosives, 
and testing of a sample of red phosphorus. for its sensitivity ‘to friction 
on the Bureau of Mines! pendulum friction. device. - 


The Bloctronic Chronoscope — ; 


The Bareau of Mines is temiuady ‘consulted fer. Se¢ommendations | on 
mothods of “improving performance and. safety of explqsives anid. for advice 
on explosives technology in.general. This often. requires short-term mis- 
cellaneous investigations. -.Such miscellaneous prejedts have. included. work 
on performance and safety of explosives using hydrogen peroxide as the ox- 
idizing agent, Liquid-oxygen expsoet vee) P ia tptwand tromethane-gagaling 


Grant, ay L., and Piftany; J. Me, ) Affecting - Tnitieting Hri- 


ciency of Detonators: Ind. and ing. Chem. 5 ‘Vole ST; guly sill 
PRs $EL-6." Disk wlten te | eee eee ey: ene 
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miei eau work on methods of measuring rates of detonation and evaluation of 
hazards associated with a number of specific. operations in’ industry. One 
such investigation led to the development of an electronic chronoscope to 
determine velocities of detonation of explosives that is. capable of. measur- 
ing time intervals as small as 1 microsecond. 32, This instrument is small, 
portable, and: direct-reading and can be operated from om stations quite remote 
from the explosive without transmission-line difficulties.. It can be oper- 
ated from the ordinary 110-volt AC circuit or. can be adapted to. battery 
operation. It can measure velocities of detonation over lengths as small as 
1 centimeter of highly brisant cxplosives with an accuracy of ciliata: 
5 porcont, Figure 1) is a photograph of the instrument. 


Ignition Tomporaturos. of Compounds in Air and Oxygon 


An apparatus consisting of a 50-pound, clectrically heated, stainless- 
stool block, in which was onclosed a l25-cc. Pyrex Erlenmeyer flask as the 
ignition chamber, was uscd to determine the ignition temperaturos of 21 dif- 
feront compounds that wero determined: in-air’ and oxygen. This is a modifi- 
cation of the standard nitrate bath apparatus and served to avoid the hazards 
of flying glass when ignition occurred, The flask within the steel. block 
simulates black-body. conditions. The usual drop method was employed. Where 
the compound is 4 gas at ordinary: temperatures, it was first cooled to the 
liquid state and the required amount was dropped into the apparatus. Mini- 
mm ignition tomperaturcs dotermined in this modified apparatus and given in 
table 4 are usually only a fow degrees lower than those obtainod in the 
standard nitrato bath apperasus. <a 


TABLE 4, - Igni tion_tomperaturcs 


Ethane @ee@ee@eeeeneevasvegee#eeee 
Propane sere eezpeaevpeenveevwneee 


1-3-butadiono ...6...650.) ChH6 il 418 | 539 
RabUONS svatarcancianer| Colea® "5! 408 285, 
160 = DUEOES icc.bee pve vess |) CRETO% 462 mK AS 
N-pentane seccee. covoeee| COHIO © | 290 . 258 
Aso-pontane cescoseseeee | C5HID 420 29h 
2-5-dimethylbutane .....| CEH’. | 420 298 
WeBOOEANE: os da caws-enees CoH16 230 e214 
N=OCTONE soreccsecsccsces C98H18 218 208 
2-2-4 trimethyl pentene. | C8H18 43h : , 283 
Dimethyl ether .........]| (CH3)20 350 ene . 
PAQ“YNOLONGS sa. ccd one wenent CH y 1,0 , | 462 322 
n-propyl formate .....-. | Cy Ha05 | 455 51e 
iso-propyl formate ..... | ChHR00 | 485 412 
n-propyl acetate ....+..) CoH} 0 | A5ST7 - 
iso-propyl acetate .....| C5H}90s5 476 448 
1-2-dichloro-n-butane ..| ChH@Clo | 276 . 250- - 
Monomethylamine .....2.. | CH3NHoO © | 430 400 
Dimethylamine .......... | (CH3)ONH). 402 346 
Trimethylamine .....-..«| (CH3)aN | 190 175 


50] Nisewanger, C C. R., and Brown, F. W., Electronic Chronoscope for Measur- 


ing Velocities of Detonation of “fxplosives: Bureau of Mines Rept. 
of Investigations 3879, 1946, 18 pp. 
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Figure 15. - Electronic chronoscope for measuring velocities of detonation. 
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Linits of ief Leomebiity of eupevenc<s in Air. 


Determinations of lower’ and upper Limits of inf lammebility were ‘made 
of a number of combustible wares and Seren in air. Table: 7. contains a a 
summary a the velues. ; ' | 


TABLE 5. - Limite of: inf lama Lity in. rae 


“Tinits of inflammabi lity ; 
- es ; Pe. ie + percent: by volume | 
’ Compauncd ote, Formula . ower: Limit oper limit — 


Tso-pentane - eoveeeseeveces C Hie. Sa wap 55. ; —%- 00 
N=OCTANE coccccccsscvcccecs Calis 1.00 @ 
2-2-h trimethyl pentane ..{-C&H18 .-|... . .98 5,235, 
Ethyl benzene covecroseece CeBio thee a: ome ee. 
n-butyl POrMAte eovscosoes €5H1002 1.73. b. <4 8,10 a 

. 'Isophorone. Terre rer eer es eo 1,0 eee oh a 3.80 
Monomethyl amine oovcesecon en i 4.95 20.75. - 
Dimethylamine Covet oorates ( % ONE . 2,80 14.40 e © ota 
Trimethy lamine eovorscecece | (CHs ) . 2,00: i 11.60 a | 


Extinction of. Gasoline Flames 


asacidaa’ is one of the chief acne tuuters to thee causes of fires. and 
explosions » Which take an enormous yearly toll in property - damage and cause. 
considerable loss of life. Its widespread use makes it important to-dis- © 
cover ways of eliminating or at least mitigating the. explosion hazards of : 
this substance. Accordingly, a study was made of the effects of various in- 
ert gases having different chemical compositions ori the extinction of gaso- 
line flames, the resulte of which shovld find considerable application. 
The substances investigated were nitrogen, carbon dioxidé, ‘automobile ex- 
haust gas’ (8 percent No + 15 percent CO,), dichlorodifluorotiethane (CCloFa), 
known as Freon-le, lk Sei ers Ehane (CC1,F), sown as dabeecaken , 
and dichloromonof lusromethane (CHCLaF) , known as Peon-21.. 


Gasolines may eaeey vathes wide: veniations: in: cheetest. anit etd, 
properties. They may ‘also contain small: amounts of other substances to en-— 
hance their anti-knock properties, engine-operating characteristics, .and to. - 
increase their stability during storage, trensportation, and use. The re- 
sults given in the report show, however, that the inflammble properties of 
aiff erent gasolines at normal - atmospheric temperatures are influenced -largo- 
ly by the moro volatile hydrocarbons containing .5, °6, and 7: carbon atoms: in: 
the molecule, and that: the heavier constituents of higher molecular tore 
have a minor Anfluence under these conditions, : : 


Ones, -, and Gi end, ey uxtinction o soline Flames by 


Inert. Gases: Bureati of Mines Rept of ane caviar eee a 
1s pp. ; | 
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Three types of gasolines were investigated having octane ratings: of 73, 
92, and 100 and specific gravities at 60/60°F. and vapor pressures, in mm, 
Hg at 25°C. of 0.7136, 0.706], and 0.7161, ard 200 mm., 182 mm, and 168 
mm, respectively. The limits of inflammpbility of the gasolines in air, 
in percent by volume of gasoline vapor, were determined to be 1.50, 1.50, 
and 1.40 for the lower limit and 7.60, 7.60, and 7.40 for the upper limits 
in an open tube ignited by a flame. “Slightly smalier values were found for 
both limits in a closed tube ignited by @ spark. These results. show that 
both limits of inflammability for the three different gasolines are almost 
identical, using a particular method. The average lower limit of infleanma- 
bility of gasoline may be taken. as 1.40 percent ay volume in ary air end 
the average upper limit at. 7.40 percent, eee 


Results. of tests with, all possible mixtures of gasoline-air-nitrogen 
in a closed tube and with ignition by a high-voltage spark indicate that 
the addition. of nitrogen had no appreciable effect. upon the. lower limit of 
gasoline vapor until 20 or.more percent of nitrogen is added, whereas the 
upper limit was reducod in direct proportion to. the. amount of nitrogen add- 
ed, At least 42,4 percent. of nitrogen mst be. sage to render all mix- 
tures with air poi eee 


Similar esata with ire re dioxido mixtures showed genor- 
ally the same results, except that the extinctive effects of carbon dioxide 
were found to be greater than equivalent amounts of nitrogen, as is to be 
enticipated qualitatively from the greater heat capacity of caxbon dioxlido. 
Only 28.9 percent of carbon dioxide is neguires to rendor all gasoline-air 
mixtures noninflammablo. 


A cheap and conveniont supply of inert gas may be obtained for flame- 
quenching purposes by utilizing the cxhaust gases from internal-combustion 
engines, provided the fuol-air ratio is adjusted to. produce an exhaust gas 
containing maximum percentages of carbon dioxide and a minimum of carbon 
monoxide and residual oxygen. Under certain conditions, an exhaust gas 
containing 85 percent nitrogen and 15 percent carbon dioxide can be made, 
end this was used. As expected, tests with gasoline-air-exhaust gas yicld- 
ed results that lie between those of nitrogen and carbon dioxide. Thirty- 
six percent of. exhaust gas was. ab ales to. pe eddod to render all ona | 
noninf lammable. 7 a ' cue 2 ‘, | 

Tests with tho three Froons eee that thoir a oe ae Oe efficion- 
cles are mich greater than other inert gases. like-nitrogen and carbon diox- 
ide. Both the lower and uppor inflammable limits.are affocted mterially 
by additions of small percentagos of. these substances, causing a marked 
decrease in the range of inflammability., The extinction effect incroases 
in the order CHCisF, CC1F,, cea The amounts of those substances that 
will: render all eae of gasolinc-air-freon noninflammable aro = per- 
cent, 12, 4 percent, and i. 1 percent, respoctivoly. 


It is of interest to note that. all hy drocarbon-air mixtures — 
mothane through hexane and gasoline will be free of explosion hazards at 
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normal tomperature and pressuré.if.the atmosphero écatains yi percent or 
more of nitrogen or 31.5 percent or more of carbon didxide. 


It ig sometimes more. convenient to. cutee: tho explosion hazards of 
the mixtures by means of the oxygen concentration.. This is accomplished by 
diluting with inert gas until the oxygen concentration falls to some criti-— 
cal value (which varies with the inart gas added), below which the mixturos 
become noninflammable, These critical oxygen concentrations for the inort _ 
gasos nitrogen, carbon dioxide, CHCLF, CC1,F,, and CC1,F are 11,6, link, 
Lfees 17-0, and 17. 9 percent, respectively. 2899 comparison of the critical 
oxygen values for different hydrocarbons from mothane to haxanc and gasolino © 
reveals that they do not differ very mich for a given inert gas. Thus, when — 
nitrogen 1s used, the oxygen valucs range ‘from 11.0 to 12.1 percent, and ac 
the oxygen is kept ‘below 11.0 porcent all of the indicated hydrocarbons aro 
noninflammable in any concontration. “More oxygen can be tolerated if judi- 
clous corresponding changes are made in the.gasoline conc entre tron oo 
the results of the investigation allow to Predict. 


The use ‘of inert gases to dilute axploetve atmospheres and thercby di= 
lute the air or oxygen concentration to & point whero the mixtures become ~~ 
noninflanmmable has found numerous applications in recent YOars. - Information 


of the type just given has: proved of gront bencfit to industry. .By applying” 2 


those data, combustible mixtures containing gasoline can be ‘removed safoly — 
fron containore and equipment, or the mixtures may be introduced into such 
vessols originally containing air without running the risk of explosion, 
provided the proper concentrations of inort gésos aro present, 


Limits of Inf lammabili ty and net on Tomporatur.e of Naphthalone a 


Information ecnoariing the German chortical industry and. in ieee) 
the utilizatien of. naphthalcne has brought this substanco to tho foro as a: 
chomical of commercial importance. Its potential fire and oxplosion hazards 
have thorcforo been studied: 2t/ Tho immersion Sie for determining tho 
limits of inflemumebility of vapors was employed. The limits determined 
aro temperatures betweon which atr saturated with naphthalene vapor is ox- 
plosive whon. the baromotric ‘pressure is 747 mm. mercury. The lower limit’ ~ 
was found to be 77.8°C. and the uppor limt 121.8°C,. Convorted to concon-— 
tration limits, from the vapor pressures of naphthatenc at these tempera- 
tures, the lower limit becomes 0.88 percent by volume of naphthalene vapor .. 
in air and tho upper limit becomes 5.9 percent of naphthalene vapor: in air, - 
Tho ignition temperature of naphthalene was determined by dropping a small 
crystal of nephthalcne onto the bottom of a flask immersed in a-nitrato — 
bath, In air, the —— temperature wos found to be SETS 5 ‘in. oxygen a 
it was 560°C. ts ; 


Jones, G. We an Scott, Ge Sey Limite of {iF iamability ena Tgnition 
Tomperatures of Naphthaleno: Buroau of Mines Ropt. 3 qHVORTE EA: 
tions 3861, 1946, 5pp.. 7 

35/ Jonos, G..W.., Inflammation Limits: and. Their’ Practical Application in. 

Hazardous Industrial Operations: Che, Rev., vol. 22, No. 1, Feb. 

1938, pp. 1-26. 
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Effect of Pressure upon the Explosibility of Mixtures of Acetylene with 
Water. Vapor, Air, end Hydrocarbons . 


Information on the explosibility and ease of ignition of acetylene is 
important in connection with investigations seeking to determine the. cause 
of acetylene generator explosions. Preliminary tests made by this Bureau 
showed that certain sizes of carbide may, under certain conditions » attain 
excessively high temperetures when acete ene-water vapor mixtures are pa 
through carbides for extended periods.36/ ‘Amendment 3, June 28, 1944, to 7 
Federal Specification P-C-101 was effected, which permits a maximam of 7 
percent of "1/h by 1/12" carbide by weight to pass through a 0,0661-inch 
sieve, and a maximm of 2 percent to pass through a .0.0555-inch sieve. Al- 
though this improvement in the size range cf the carbides has aided in the 
prevention of explosions, explosions have occurred when conditions of the 
latest Federal Specification have been. met. Present investigations by the 
Bureau of Mines indicate that one of the major causes of the explosions is 
the high reactivity of certain carbides with acetylone-water vapor mixtures. 
The results of this work will be described in a future Bureau report. 


The ‘suggestion has been made that & possible cause of explosions in 
modium-pressure acetylene generators is air that enters the generator during 
abnormal operations or remains in the carbide hopper and othor parts of the 
generator following charging or purging. Studies of the effect of small 
volumes of air upon the ignition temperature of acetylene at varying oper- . 
ating pressures of the generators show<l/ that the introduction of up to 10 
percent of air into an acetylene gonerator does not ras Me eee 
the ease of ignition of the mixtures. — . 


Further investigations have boon carried out to provide data on the ox- 
Pplosibility of acetylene containing varying percentages of water vapor, air 
up to 30 percent, and hydrocarbon gases at pressures from atmospheric to 15. 
pounds per square inch above atmospheric, which is the maximm operating | 
pressuro cf medium-pressure acetylene generators. 38/ — The tests were carried 
out in a epecial bomb. Observations were also made on the rate of pressure 
rise and maximm pressure produced in an explosion. Different concontrations 
of water vapor were obtained by adding water and varying the temperature of 
the bomb. The following results were found: Acetylene becomes cxplosive at. 
or above &@ pressure of 5.9 pounds per square inch. On adding water vapor, 
the pressure required to explode the mixture increasos roughly proportional 


Jonos, G. W., Scott, G. S., Kennedy, R. E., and Huff, W. J., Explosions 
in Medium-Pressure Acotylene Generators: SBurcau of Mines Rept. of 
Investigations 3755, 1944, 20 pp. | 

37/ Jones, G. W., and Kennedy, R. E., Effoct of Pressure on Ignition Tem- 

porature of Acetylene and Acctylene-Air Mixtures: Bureau of Mines 
| Rept. of Investigations 3809, 1945, 6 pp. 

38/ Jones, G. W., Kennedy, R. E., Spolan, I., and Huff, W. J.,, Effect of 

Pressure on the Explosibility of Acetyleno-Water Vapor ; Acetylenc- 

Air, and Acetylene-Hydrocarben Mixtures: Bureau of Mines Rept. of 

Investigations 3826, 1945, 17 pp. 
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to the volume of water vapor present. At 14.5 percent or more of water va- 
por, it becomes impossible to explode such mixtures below a pressure of 15 
pounds gage, the maximum operating pressure of the generators. Tests made 
with mixtures of acetylene and air to which varying amounts of water vapor 
have been added show that the presence of up to 10 percont air in acetylono 
exerts a stabilizing effcoct upon the acctylenc, in that they permit highor 
pressures to be employed (wet or dry) without danger of explosions than 
pure acetylene will permit. The presence of 15 or more percent of air in 
acotylone, howovor, renders the mixtures more liable to oxplosions than 
purc acetylene, the hazard incroasing as the percentage of air is increasod. 
For cxample, dry mixtures containing 25 to 30 percont of air can be explod- 
od at atmospheric prossure. The effect of added water vapor is to docroaso 
the hazard of explosion by increasing the pormittod prossure. 


Tho effect of hydrocarbons upon tho stability of acotylene was invcs- 
tigatod. The hydrocarbons sclected were natural gas, propane, and butano, 
@s thoy are easily procurable, choap, and in rather wide use at prosent. 
All threo had a marked stabilizing effect, better than steam and increasing 
in the order natural gas, propane, butane. ‘The percentages of hydrodéarbon 
required to rendor the acetylene-hydrocarbon mixture incapable of causing 
oxplosions below 15 pounds per square-inch gage aro 13.8, 9.2, and 8.4 in 
the above order. The offectiveness thus seems to increase with molecular 
weight of the hydrocarbon. This information is valuable and offors 4 moans 
of preventing explosions in modiumepressure acetylene generators. Propane 
is particularly suitable for use, as it is readily available, has a higher 
heating value than equal volumes of acetylene, and is marketed in convenient 
steol cylindors at relatively low pressures... Tosts carried out at the Burcau 
of Mines with acetylone containing 10 percent propane in a 10-pound oxpori- 
mental acetylene gonerator, in which exceodingly high temperatures often 
develop in the test carbide in tho hoppor, have not resulted in any oxplo- 
Sions ta date. The use of hydrocarbon gases for the prevention of oxplo- 
sions in acetylone generators will be influonced by tho difficulties en- 
countered in introducing the required volumes of hydrocarbons into tho gon- 
erated acetylone and the uscfulnoss of such mixtures in prosent pone and 
cutting equipment. — 


The pressures produced by the various acetylene and scotyieno-aie mix- 
tures were somewhat erratic and appeared to be due to an inherent charactor- 
istic of acetylene. In general, the highcst pressures resulted when tho 
initial pressure was 12.5. pounds gage or higher. Prossures well over 200 
pounds per square inch wore developed, and the rate of pressure rise is ox- 
tromoly rapid. Water vapor reduces tho maximum pressure developed... Addi- 
tion of air to acetylene, other conditions being tho same, docs not markodly 
effoct the maximum pressuros. Up to 10 pounds gage, the addition of air 
appoars to increase the maximum pressures, whereas at 12.5 pounds gage and 
abaqve the addition of air to acetylene has only a minor effect. 
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Extinction of Flames by the Addition of Helium 


Tests were carried out to determine the efficiency of holium as a 
flame-quenching gas.: , The results . show that this gas has about the same 
Quonching value.as nitrogen on alkyl chloride-air mixtures in the lower 
range of inflammabjlity but has pone greater quenching weine than nitro- 
gon in the upper range. 


oe tests with hoptano-helium-air mixtures it was found that 43.5 per- 
sent of helium in heptano-air mixturcs is sufficiant to prevont propagation 
of flamo under all conditions qf uso at normal Tomperevared and - aaa 


PREPARATION: OF COAL « . 
Motallurgical Coal fron H -Salfur Coal 


Tho rapid depletion of the high- -quality metallurgical coal in the 
Ponnsylvania-Pittsburgh seam has necossitated invostigation into tho large 
areas of virgin coal in the southwostern portion of the State. The coal 
in this aroa is known to bo high in sulfur, although information has bean 
lacking for complotoly appraising thcse roesorves. This study was under- 
taken to dctermine the nature of the sulfur present and the possibility of 
reduction to a point where the clean coal would meet the limitations at 
present amones on motallurgical coal by the stoel industry. = 


It was discovered that, evon within emall areas, both tho total sulfur 
and tho forms of sulfur show wido variation. In tho high-sulfur samples, 4 
largo proportion of the sulfur is in the organic and fincly disseminatod 
pyritic forms, which indicate that littlo improvomont could bo.made by. wash- 
‘ing - at. least, by. high-gravity washing. Bench sampling showed that only 
tho SOW cE portion of tho scam roekly responds favorably to amelie: 


Efficient: gdeeba tion at very ‘ow gravitics (about 1.30 specific gravi- 
ty) would produce an acceptable product aftor thorough blonding of the 
washery food. ‘The yield,. however, would be only about 50 percont, and, 
owing to tho technological difficultics of controlling the gravity, prac- 
tical operation must await the development of new and improved techniques. 
Fino-crushing of the coal before soparation brings about no substantial re- 
duction of sulfur unless the coal is crushed to 28-mesh top size, which 
would impose a serious operating problom on the ‘cleaning pints 


~ Until tho development. ‘of. a. washing process thet will operato efficicnt- 
ly at a gravity in the 1. 35 rango, tho only practical moans of using this 
coal for motallurgical.purposos calls for soparato handling of coal from 
those soctions that produce coal of low float-sulfur content at a commercial 
washing gravity.. It appcars that relativoly large areas of’ this coal can bo 
marked off and, by means of frequent sampling, a controlled raw. SEeeNOe can 
bo fod to the cleaning plant. 397 | 


59/ Fraser, Thomas, and Crentz, William oe Washing Siaractartatics of the 


Pittsburgh Coal in a High-Sulfur Aroa in Groen County, Pa.3; Burcau 
of Mines Tech. Paper 689, 1946, 8&5 pp. 
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Eloctrostatic Treatment of Fine Coal 


An invedtigation was made into the separation of ash and fusain from 
the Pittsburgh-seam and the Illinois No. 6-seam coals. ‘Samples of coal -. 
were run through the electrostatic separation of the Ritter Products Co., 
Rochester, N. Y. The results of this study cannot yet be considered to be 
indicative of the efficiency of this method: of. coal. cleaning, but the test 
results of the samples are submitted. . 


Pittaburgh seal oof 
Raw 10 xX. ‘100-mesh feed eooseoe@ : 
Cleaned coal Coeememroosoeroes. 


Refuse PTO T TE TC ree 


Illinois No.. 6 ‘seam 
| Raw 10 x 100-mesh feed ......| 
Cleaned Codl pc cece cc ctevccese 

Refuse sasbeserestetiscsssces 


In the case of tne Pitteburgh-seam coal, about 40 Saas of “the ; raw 
10 x 100-mesh feed was rejected as alah whereas approximately 50 percent 
of the: ‘Hilinois coal was. ade 


The eedules of these. two tests are not juesiiehia as eee: as: the reduc- 
tion in ash.and sulfur is concerned, but they do warrant consideration of 
this process as 4 means for the reduction of fusdsin and inert mitter, which 
cannot ae removed. by conventional speciPic-gravity separation. _ 


bs Li 
"Breperation Characteristics of Maryland Coals - 


An interwive study of the preparation. characteristics ‘of the thinner 
coal seame of Maryland was undertaken. Although mich of the preliminary 
work has been completed during the fiscal year, test data have not been 
finally analyzed and interpreted. Indications are that the seams underly- 
ing the Pittsburgh seam are all high in ash and sulfur dut. differ widely in 

their ae ve washing: a ee - 


Bo. 


» Goal -Preperation Sraceiee in Wostern Europe | 


A survey wae made of. coal~preparation. practices and ° Seciulquas: in western 
Europe, especially cnemy countries, primarily to obtain information on any 
special processes that might be of value to the coal industry in America, 


_ Performance data and operational information were obtained at plants in 


: Gormany where .éspecially low-ash-coal,had been prepared during the war for 
the manufacture of carbon electrodes: tis tor: ——: of soe Tuels.’ 


a ee: 
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A preliminary report of these investigations was presented at the 
annual meeting, February 1946, of the American Institute of Mining and 
Metallurgical Engineers by H. F. Yancey and Thomas Fraser entitled “Coal- 
Preparation Practices in Germany and the Netherlands.” 


Washability of Coals from the Matanuska Field, Alaska 


Research on coal preparation carried out during the war at the two 
coal mines in Alaska closest tp e vital Aleutian Islands chain was pub- 
lished during the fiscal year.+9/ The coals dealt with were from the Eska 
and Evan Jones mines, the two principal operations in the Matanuska field. 
Located about 70 miles north of Anchorage, both mines are served by a 
branch line of the Alaska Railroad, and both produced about 6,000 tons of 
washed coal per month under wartime demand. The data obtained in the wash- 
ability examinations in the laboratory and by actual washing tests in the 
washeries at the mines were factors of vital importance to the operators at 
the time the studies were’ made and will prove useful to any other operators 
in this field. Moreover, because the quality of the coal renders the wash- 
ing operation very difficult, owing to the presence of a high proportion of 
both heavy impurities and material of intermediate density, the results 
Should prove useful to operators elsewhere who are forced by decreasing 1e- 
serves to mine coal high in ash or who seek to reclaim coal from washery 
refuse or waste dumps, | 


The character of the two coals, from the standpoint of washability, is 
illustrated in table 6. With coals of ordinary specific-gravity composition, 
- the correlation between washability characteristics and washery performance 
is sufficiently well-established to permit fairly accurate prediction of 
the results obtainable in washing. However, the literature contains vir- 
tually no information on the results obtainable in washing a material con- 
taining such a high proportion of impurity as that present in the Eska coal. 
Consequently, detailed evaluation was made of the performance of the Eska 
washory. This correlation between washability characteristics and washing 
results will be found useful by those concerned with washing unusually dirty 
coals mined in other localities. | 


Results Obtained in Washing 


Three test runs were made with the jig, the only variable being tho ’ 
specific gravity at which the separation between coal and refuse was made, 
that 1s, the proportion of refuse removed. Each test lasted for a full 
shift of washery operation, and samples of the fecd, washed coal, and re- 
fuso were collected at uniform intervals during the entire period. 


0/ Geer, M. R., and Yancey, H. F., Washability Characteristics and Wash- 
ing of Coals from the Matanuska Fiold of Alaska: Bureau of Mines 
Rept. af Investigations 3840, 1946, 17 pp. 
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Figure 16. - Yield, ash content, and efficiency in relation to settings 
on product-control scale of jig. 
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TABLE 6, - Specific-gravity analyses of 3-inch slack from the 


Eska and Evan Jones mines, Alaska 


; r a a Smative 
— . Specific Weight, Ash, Weight, | Ash, 
Mino’ gravity _| percent percent2/ percent percentL/ 


Eska @eaeeeseeesneseeoseoeve Under 1.30 20.7 ad 3.0 20.7 3.0 
| | 11.30 to 1.40} 13.0 13.1 3367 Te 
1.40 to 1.50 11.4 . 25.9 45.1 t2.1 
1.50 to 1.70 W465 39.3 59.6 18.7 
Over . 1.70} 40.4 72.1 | 100.0 | 40.3 | 
Evan Jones sivevorsecie| Under: ly 55.|. 35.5 5.6 35.5 | 5.6 — 
| 1.35 to 1.50} . 25.8 21.0 | 61.3 | 12.1 . 
{1.50 to.1.70| 17.0 38.5 | 78.3 | 17.8. 
62.6 } 100.0 | 27. 


| Over 1.70} 21.7 
1/ Moisture-free basis. . . : 


The principal results of the three washing tests are shown graplitcally | 
in figure 16, The’ ash content of the washed coal, its yield, the ash con- 
tent of the refuse, and the efficiency of the soparation made by the jig bo- - 
twoen washed coal and the refuse ore plotted. against graduated sottirigs | on 
the product-control scale of the eee mechanism that astuatos the refuse * a 
gate of the jig. : ae 


In test. 1, the ash. content. wag’ y reduced fort No. x percent in ‘the foed . 
to 20.4 percent in the washed coal by rejecting a rcfuse product amounting _ : 
to 40.9 percent of the feed and containing 69.0 percent ash. The officiency 
of tho separation was 96.1 percent; that fom the jig recovered 96.1 percent 
of the coal of 20.4 percent ash present in the feeds The separation was 
made at a point corresponding to about 1.82 specific gravity. Considerable 
matorial heavier than 1.70 specific gravity remained in’ the washed coal, 
particularly in tho finer sizes. — little ee re coal was Lost. in. 
the refuso.. | ble , 7 


Tests 2 and. 3 were mado at meee oe spocieic Sevitice, ie 66 
and 1.55, respec tively, by rojecting larger percentages of refuse. The | 
washed coals produced were substantially lower in ash content; ‘and,. of 
course, more coal was lost in the refuse. The officienciocs obteinca in | : 
this serics of. tests, namely, from 96 to 89 percent, are ‘Lower, ‘than those "wad 
that can be attained in washing ordinary coals. | 


These rceults show that with Matanuska coals a product of comparati voly 7 


low ash content can be. obtainod- only at a great sacrifice in yield. Thus, _ 
ie value of Lowor-o8h coal must. be sufficiontly great to eee the waste 
f natural resource involvod. tle ches Baba epgte: Rea 


eo wr ems 
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Removing of Extraneoug Material from Industrial and Domestic Coals 


Further progress has been made ouaxdn serrectiue the new Bureau of 
Mines process fot cleaning and dewatering the fine sizes of coal, which in 
the past have been mainly responsible for the slurry and sludge probleas in 
coal-préparation plants. The cooperating company has purchased and installed 
two more cells, which, with the two original cells, oan now be-operated in 
series as a 4-cell machine - & coibination' that gives approximately three 
times the capacity of the original 2-cell machine... 


In order to device means of improving hydraulic classification as a 
method of preparing the feed in the wet-table process of coal cleaning, the 
conditions prevailing in teeter colums of ious depths have: been studied, 
In a report on the results of this study, the conditions of teeter during 
continuous hydraulic classification of bituminous coal, anthracite coal, and 
an iron-ore tailing are depicted in-panorama. Data are given regarding size 
distribution of float-and-sink products, settling ratios, specific gravity 
of solids, pulp densities, and pulp cons }stenci es of various strata within 
the teeter colum, 


The washability characteristics of Rhode Island graphitic anthracite 
have been studied. <A chapter giving the results of this study has been 
written and is to be included as a part of a later Bureau of Mines report on 
the results of a wartime survey of the economic possibilities of Rhode Island 
anthracite. The washability study showed that the Rhode Island material of 
the type unde investigation cannot be improved materially by washing unless 
it is first crushed to a very fine size, Liberation of ash-forming impuri- 
ties is not appreciable in sizes coarser than 14 or 20 mesh. 


_ Band Preparation of Coal 


- .Manual cleaning and sizing of coal at the mine have been common prac- 
tice the world over, and even with the great gains that have been made in 
mechanical preparation practice, hand picking is still a very important oper- 
ation. Yet very little has been done to systematize the application of this 
old-time operation or even to ascertain its effectiveness. 


5 


In the course of cooperative work with the Department of Mineral Pro- 
duction in Brazil to increase wartime production in that country, an excep- 
tional opportunity was afforded to study the performance and cost of exten- 
sive Gene Decay eeton operations. — 


In the Stato of Santa Catarina’it has been the standard practice to 
prepare coal for railroad locomotive and industrial use by hand sorting and 
breaking. With the development of the patsone steel industry dependent upon 


l/ Coe, G Dale, Fold, I. L., Williams, M. F., Jr., and Coghill, W. H., 
Continuous Hydraulic Classification: Constitution of the Teeter 
Column Throughout its Depth; Bureau of Mines Rept. of Investigations 
3851, 1946, 8 pp. 
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that- field for metallurgical fuel, an entirely new ror different preparation 
problem developed, and a modern Baum Jig-Rheolaveur plant has been installed 
to take care of it. However, the hand-picking operations have been tenta- 
tivoly incorporated into the general plan to romove the more obvious impur- 
ities at the mines, which are rather widcly scattered and have = rail 
hauls to the preparation plant. 


‘To examine the rather clear-cut problem of economy of operation in 
this situation, an extensive serics of tests of hand-picking performance 
and cost was undertaken at cunaetieg mines in.the Cresciuma Urusanga aroa, 42/ 


Typical data on Saprormnce: and operating costs at two of the plants 
oxamined in this investigation are presented in tables 7 and 8 The picking 
operation is on a piocework basis-at $3.50 cruzeiros per ton of picked coal 
in both cases (at prosent rate- et pia a the cruzeiro is eee to: 
approximately 5 cents). : | 


_ 


/ TABLE ee = Results obtained in two typical eck studios of lated 


Weight Impurities, . Ash, 


Product Tons Percent percent percent 
ke 0 ae (raw). eevee escceresesow., 751 .100,0 ’ Lh 6 2 36.7 
. Pieked coal Coccvepoereccdioe.a : 408 : 54.3 559 “ ae 32.5 
Refuse: 95s sGs obec snesusewsece 143 19.1 - 80.1. | . 54.6 
Slack (raw) ..ccccsssccceces | 200 26.6 45.0 36.5 
: t 

Mina do Matos oo t- oe _ 
oy -eReOeM. (raw) cccazecwsctccc’e - 12,508 100.0 ..! 46.43 >> | .. 37.0 
: wPIGCKOR COAL Sinvc tees cuew ed ‘| gle: oe 60.8. | . 35.8 > ' 5267 
..( Rofuse Re eee coco owoensosene || 326 1. ; 21.6 | ; (ee? , | h7,8 

| = '@) Oo ee a oe Bor 7 


meer ee Slack SSSI AS ROSH Sse 


PARLE 8, - = Comparative pcror itd -Guek data. dt! costs in. enreiroe. | 
—. —— ton = —Pickes coal 


3 Scereoning bb lewie bee Ve ew 54 Co ce bo ew ekew ces bh oetwue pe a 
Transporting :coal, slack, refusé: to stock... eeeve ek 
EnSpoctlons. <2 ool cc vetvicieleis's wd cab'ss obi eetSd ove v'ves cede: 
pumas Sonn on en eS es re eo eee b 

_aone coet eo ee ions 


my noe : be 


Matric tons okod. vou | or. Bhar er’ “hot ons 


—Frasor, Thomas “Kiron, a: >. : Hand. Ere spies of. Coat in. Southarn Bra- 
zil: A,I.M.E. Toch, Pub, Nos 1884... Feds, 1946, 12. pp. , 
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The operation is favored by a low labor rate and a large proportion of 
refuse in the raw product affording simple opportunity for effective reduc- 
tion in refuse and saving in ene ne bese Nie by the initial peerere oper- 
ation. 


ee with these favorable conditions, - uaeaiaes hand picking does 
not justify itself economically, principally because of loss of coal (pre- 
sumably recoverable a ae if eae onced to washery ) in the refuse. 


| However > a8 & means’ of preparing. rai lvded fuel, the ‘method: appears to 
be particularly adapted to this field because it results in a procuce ad- 
saa cies adapted to hand firing 80 fax as size ca concerned 


Also 7 the Bureine characteristics of the fuel. are substantially in- — 
proved, probably: more than would appear just by examination of the ash con-. 
tent. Although there is generally a reduction of 4 percent of ash by- hand’ 
picking, this involves removal of about 10 percent of noncombustible refuse, 
which greatly. improves . the practical burning characteristics of the fuel. 


a ers 8. 


STORAGE ‘OF COAL 


7 Thromation on coal storage a oneiene service on “eoallstorage 
problems were given various industries and government establishments. Stud- 


ies ‘are now being made of approximately il, 000 field ay sapien in storing 
ameorent kinds of coal. gee MA oe, em, any Oa ate ee 


. 28 ® @ © »s @ @ & © wm @ * © # © 


Storage of Low-Rank Fuels 


Subbituminous coal can be stored successfully in open pits if -precau- 
tions. are taken to minimize entrance and circulation of air. During 4 years 
of observations on methods far storing subbituminous .coal, involving the 
handling of about 30,000 tong of slack coal, it waa demonstrated ‘that stor- 
age in large open pits is feasible, and the loss of ig tae value of the 
coal is as low as 1.5 percent in 1 year.t3/ 


When coal ia stored in ‘several ‘benches 2 to 3 feet thick in a pit made 
to support spontaneous campus tion. ig fran the ton of the pile. If the coal 
is compacted as each bench is ap a cea iexance “oO Plow of air is set up, 


owe ee 


oe. es 


We ~ 8 8 8 8 5 He 


ucts of reaction, and it adds to the weight of the coal. Tho result is a 
Slight increase in weight and a corresponding decrease. in heating value. 
If the entrance’ of air 18 impeded further by a cover of fine coal or a 
veneer of asphalt, the coal is immersed in a water-saturated atmosphere of 


. Goodman, John B., Parry,.V. F.,.and Landera,. W.. Se, Storage. of Subbi- 
"  tumdnous Slack Coal’ in Open Pits’ - Bureau of Mines Rept. of Inves- 
tigations 3915, 1946, -37 pp. - a a 
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and No - No degradation. can occur unless thers. ts Slight oxidation re- 
00 and Be from air entrained by changes in eee and barometric pressure. 


Practical tests of these theories were nade in ‘gooperation with the. 
Great Western Sugar Co., which was interested in finding a safe way to store 
coal without immersing it in water. Each year this campany stored 150, 000 
to 200,000 tons of coal under water. Jowever, same of the pits have de- 
veloped leaks and can no longer retain water without excessive maintenance 
costs. Storage trials were made.over a 3-year period to determine the best 
. procedure for eae and retaining the coal for ee a of about 8 months. 


In 1942, , a small concrete pit was used to conduct. preliminary. studies 
on the behavior of coal in dry storage. Two hundred - tons of subbituminous 
slack coal was placed in 3-foot benches and campacted by leveling and rak- 
ing. No troubles developed, and there were no significant changes in eal 
ercee, or chemical properties. | we oY Gd 
| Daring 1943 ; 13,000 tons ‘of eo was placed “in beFoot benches in ary 

storage in a large pit.at Brush, Colo., where it was observed periodically 
to determine behavior and condition. A few local hot spots developed as 
- the result of errers made in placing the coal, but, again, there was no 
Serious trouble. It was observed during this storage trial that almost. 
all oxygen beneath the coal surface disappeared after «.few weeks and the 
coal was enveloped in inert gases. A few hot spots developed near the sur- 
_ face, and these were traced to-areas where the coal was. segregated and not 
properly compacted, A few hundred pounds of coal was lost that.year, and 
the average heat loss due to oxidation was estimated to be 1.0 to 2.0 Bergen? 


Ths same pit was used ‘the following year, ; ‘but “greater ¢ care was exer~ 
cised in cleaning the empty pit and in compacting the coal in 3-foot benches. 
About 15,000 tons of coal was stored in the pit, and a bulk density of 56 
pounds per cubic foot of coal. was attained by careful leveling and packing 
of each bench. This coal remained in storage for 8 months without trouble. 
Periodic observations were made to determine the temperature history and 
the composition of gases within the coal. It was generally. concluded that 

the aces anor Wes adequate for safe storage of low-rank coal. 


| Several shavencariaeiae of ‘the: storage of sabi tumincas slock coal in 
open. pits were observed, Self-heating is accelerated during the first 3 
weeks of atorage, and the temperature rises at arate. of. 2° to.3° F. per 
day until a temperature of 100° to 130° F. is reached. Thereafter, the 
temperature tends to level off and to decrease until the coal is removed. 
It is indicated that during the first 3 weeks of storage the rate of oxida- 
tion is relatively rapid; however, the reaction slows as the concentration 
of oxygen diminishes. The temperature in the coal is highest near the sur- 
face, where air enters by diffusion, and decreases with-the depth of the 
coal. Products of oxidation, consisting of approximately I2 percent carbon 
dioxide, 87 pergent nitrogen, traces of oxygen, and other gases, fill the 
void spaces of the pit after a few weeks in. storage, and thereafter losses 
by oxidation are minimized. About 45 percent of the oxygen passing into 
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the coal mass is absorbed by the coal, and the net decrease in heating value 
is 1.0 to 2.0 percent over a period of a year. 


In storing subbituminous coal in open, dry sits: the » following general 
points should be considered: — 


1. The walls of the storage pit should be tight; preferably mede of 
concrete or excavated in dense earth or clay. 


2. It is important to avoid seanema tia of a ivda: in the coal as it isa 
being unloaded or placed in the pit. The accumulation of zones of fine and 
coarse coal provides air entry courses, which will supply oxygen to the in- 
terior of the stored coal. The ae mass of etored ect should be as 
hamogeneous as pooner | | 

5- In placing the eee in the pit » care , should be taken to store it 
in shallow benches 2 to 3 feet in depth. Observations have shown the let- 
ter to be both practical and econamicel. S#ach bench should be leveled and 
compacted to as high a packing density as is practical. A bulk density of 
56 pounds per cubic foot can be atcained readily with slack coal. 


4, It has been demonstrated that uniform scapaetiea of the pit should 
be practiced, taking care of the marginal edges as well as the inner areas, 
Remnants of old coal remaining fram the previous storage should be spread : 
out in thin, uniform lcyers over the bottem of the pit before benches of. . 
| new coal are placed'in storage. Observations. have revealed that snow, weeds, 
and other debris that have accumulated on the bottom of the pit or on bench- 
es of coel should be removed before eny new coal is placed, as they pre- 
clude dense packing and eventually become loosened void spaces, which en- 
nole air to, circulate. | 


>. The finished stored Sere should be Fevel ‘in appearance and, if 
possible, flush with the top edge of the pit walls to avoid entrainment of 
wind currents, Valleys and peaks appearing on the surface of the storage 
pile should be leveled, because irregularities will. catch wind currents 
| and. will unouce air circulation to cause eons nee 


6. tn a pit. with tight side walls, aie can enter ae through the top 
surface. To impede movement of air into the coal mass, the surface should 
be compacted by rolling or serapeng to break down the a few inches of 
Slacked coal into pee : | 
UTILIZATION tee 
Fuel-Engineering Service. 


Fuel engineering service to government establishments in the inspection, 
selection, and use of fuels and fuel-burning equipment was continued. At 
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the request of the Veterans Administration, total operating cost compari- 
sons were made when using.oil, ges, and coal, and. the “Pe of sal ia: 


‘equipment was recommended for 38 new projocts. 


At the request of the War Department, a fuel engineer was gent to the 
Ninth Service Command, West Coast Area, to study the operating conditions 


‘of the heating plants of that area. Vancouver Barracks, Barnes Hospital, 


Fort Lawton, Port of Embarkation, Vancouver’ General Hospital, Baxter Gen- 
eral Hospital, and Fort Lewis, all in the State of Washington;. Camp Adair, 


Oregon; Fort Douglas, Utah; Chico Army Air Field, Camp Beale, and installa- 


tions in San Francisco and Sacromento, California, were visited. At many 
plants He found that the boilers were runhing at the extremely low ratings 
of 25 to 30 percent. ‘The ratings were increased with resulting improve- 
ment of efficiency of about 10 percent. In one instance, an an extreme case 
at Baxter General Hospital, coal consumption was reduced 50 percent, saving 
65. tons per month. Boiler-roon instruments were corrected and put in opsr- 


_, ation, keeping of doily records was begun, stokers: were sa ase ond. oper=- 
. ators were trained. 


At the: request of Howard Uriiversity, ‘the possibility of their ere 


| ing. part. of their electric current was studied; consideration wes also 


3 ~ 


given to the possibility of enlerging the present heating plant to provide 
the necessary heat for a number of new buildings. Consulting and insepec- 
tion service was given regarding the new heating plant of the Bureau of 
Mines at Bruceton, Pa., as to installetion of dollers, brickwork and fuel- 
burning equipment; and type of boiler-water treatment. Consulting service 
as to the purchase of fuel appropriate for the equipment was given the 


Justice Department and Office of Indian Affairs for all of their plants 


and also for a number of plants of the Federel Public Housing Authority, 
the Veterans. Administreticn » the War Depertment, and, the Navy Department. 
At the request of the Procurement Division, recommendations were made as 


- tO specifications for Federal purchases of charcoal and coke. Consulting 
~ pervico on various special problems wes given sane ae different government 


. eoenei es _ 


Work was continued -on ‘the research at the. power plant of the Washing- 


om Nevy Yard, where unusuel : ‘accumulations of deposits and corrosion on 


boiler tubes were occurring. As’ these deposits consieted largely of vari- 


'-Ous types of. sulfate compounds, an investigation was made as to the amount 

, of sulfur trioxide in the products of combustion under various operating 
conditions, -In the attempt to use the code method of. the American Society 
of: Mechanical Engineers for making this determination y it was found that 


| Gatiafactory results could not be obtained. The inhibitor used in the 


| test to prevent. oxidation of the sulfur’ dioxide ‘to sulfur trioxide would 


.. - not maintain its .effectiveness;. After. dxtended studies, important modifi- 


cations of the test code method: were: developed that, as far aa studied, 
permit. satisfactory and reproducible results. A series of tests was then 


made to determine the sulfur. trioxidé in‘ the products of . combustion from 
two different: types of stcker-fired ‘pollers | operating at différent ratings. 


Calculations of these data have'inot yet béen- compere. It is planned to 
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vary certain operating features of the stokers to reveal the exact. operating 
conditions under which the deposits are at a minimum. The studies to date 
have made possible mech better operating conditions from the standpoint of 
boiler outage and corrosion. 


- Cooperating with the Commonwealth of Pennsylvania, test equipment and 
procedures eat the Philadelphia State Hospital, Philadelphia, Pa., were stud- 
ied to determine. the comparative cconamy of burning low-ash and high-ash 
anthracite barly on McClave stokers under Weer wee boilers. 


The cooperative work with the Air-preheater Corporetion, New York City, 
on the study of deposits and corrosion in air. preheaters was continued. 
Studies were made of the accumulation and type of deposits and resulting 
corrosion on airrpreheater plates from installations in New York and New 
Jersey. In ell cases, the deposits. were acid and belonged to a family of 
Sulfate compounds. A number of experimental plates of many different types 
of material were installed at.a, plant in Indianapolis, Ind., for the pur- 
pose of making comparative studies. Specicl studies are also being made at 
& plant in New Jersey where the air preheater is subjected to unusuelly 
high temperatures. Problems of continuous cleaning of the air preheater 
pictes are being studied, using air and steam saturated and p1so superheat- 
ed. Correlation of the deposits and corrosion difficulties is being made 
with different types of fuel and puet ene equipment. 


National Fuel. Efficiency Progrem 


" Owing to the withdrawal of funds for ald war projects, » work on the 
National Kiel Efficiency Program ceased early in'the fiscel year. The work 
of the same genercl nature as described in the annual report for the fiscal 
year 1945 was continued for about’ 2 months. Although officially closed in 
‘the central offoce at Washington, volunteer activity in the field was con- 
tinued even as late as Merch 1946 by individuals, on their own initiative, 
who considered that work on fuel conservation should be carried on in their 
particular areas. Considerable literature was prepared, some thirty arti 
cles cppearing in the press, of which representative articles are listed. iy / 


Nationel Fuel Conservation and Smoke Abatement. Address by R. R. Say- 
_ ers, Director, Bureau of Mines, read at the conventimm :of the Smoke 
Prevention Association of Americe, Inc., eat Columbus, Ohio, October 
17, 1945, and published in Proceedings of the Smoke Prevention 
Association of America, pp. 15-19, incl; Solid Fuel Engineer, vol. 
5, No. 5, pp. 6, 7, and 8, Fob. 1946; and Mechanizaticn, vol. IX, 
No. 12, pp. 133 and 145, Dec. 1945. 
Saving Fuel is Good Business. Article on the National Fuel: Efficiency 
Program published in Heating, Piping and Air Conditioning, vol. 17, 
No. ll, p. 623, Dec., 1945; vol. 18, No. 1, Jan., 1946. 
Berkley, J. F,, Points to Remember in Operation as ee Plants: 
Solid Fuel Engineer, Oct. 1945, pe-5.:. 
Barkley, J. F., Some 1945 Ideas About the Use of Coal for Locanotives. 
Proceedings, Railway Fuel and nee engineers paeeere ay 
1945, pp. 134-152. 
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| ei cooperation was had with industrial and publishing concerns on publi- 
: city matters. Ten publishers of magazines requested complete files of the 
quiz sheets and expressed their intention of publishing many of them. Ma- 
terial was prepared for inclusion in an Illinois Central Railroad movie 
film on fuel conservation. A National Fuel Efficiency Program "slug" was 
completed for inclusion in the general advertisements of industrial con- 
cerns. A number of concerns. agreed to carry the enall “slug! in some 
SRercheaave corner of wee SELeT PR CMED YS: 


” Thousands. of fuel~-consuming plants were visited by, volunteers through- 
out the United States, 15,858 signed pledges of cooperation being returned 
to Washington, The plants and buildings represented in. this group consumed 
. approximately 100 million tens of coal equivalent. ‘A great huhber of in- 
stances of individual savings were reported to Washington, ranging from a 
few percent-of the. fuel up to some .40 percent. Based upon such reports as 
, -received, it is apparent that about 5 million tons of coal equivalent was 
. ‘being saved: per annum during the last 12 months of the program's life. 

‘Had the program been continued under the impetus: puslt up, y it is believed 
that a mich higher per annum paving would ‘haye ate acta in. eae next. 12 months. 


Recognition of the fine wore ene by hupanaa: of: ‘yolunteere © wes given 
to the extent possible. Commendatory certificates were given: to the members 
_ Of the advisory National Fuel Efficiency Council and to scores of Coordin- 
ators heading up individual areas in the United States. A-somewhat similar 
commendatory card was given several thousand volunteer’ regional éngineers. 


| ; A: great number of individuals. and organizations expressed their satisfac- 


tion in having been associated. with this work, and many expressed their 
opinion that a national poner tec eny prograin should be a. peacetine: effort 
of me Federal Government, ° | | 


Boiler Fooavater: Conditioning. 


| er and. positing recammendeticns were made on’ 13 Bron wewiee of 
boiler water during the fiscal year, as follows’: :, 11,800 fran the War De- 
_ partment; 707 ‘from the Veterans Administration; 266. from the Office of In- 
dian Affairs; 265 from District plants; 178 from the Departinent, of: Juétice; 
54 from the Public Health Service; 43° fromthe National Housing Agency; 43 


' frem-the Post Office Department; 19.from. the Navy Department; 15..from the: 


. Department of: Agriculture; 8 from the Camerce Department; 4 fram.the Fed~ 
_eral Works Agericy; and 2 fran the National Advisory Camittée for Aeronau- 
‘tics. Special analyses with recommendations were made on 12 samples of 
various: types’ of water for the War ‘Department ,- Veterans Administration, ...~ 
and Public Health’ Service. Reports and’ recommendations covering 15:analy-~ 
seg of: various séales, sludges, and deposits and 7 covering: aralyses of 
boiler compounds were made for government agencies, ‘Two. hundred and thirty. 
five.special Bureau of Mines field water test kits, 12 ,321 bottles of chem- 
ical reagents, and 14,448 test-kit replacement itens were distributed to 
various government eictivities, At the request of the District Government, 
an acceptance: test was meje on a Zeolite softener instalicd at Gallinger 
Hospital.” “At the request of the Post Office Department, cooperative arrange- 
ments were completed to clean condensate lines at the new city post office, 
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Washington, D. Opt some of ‘ieee lines are: in concrete columns and are . 
nearly filled with rustlike deposits. Consulting service was ‘given the . 
District Government on corrosion control in oil-fired boilers used in a, 
mamber of ‘high schools » the Public Health Service on corrosion from dis- 
tilled water, and the Washington National Airport on corrosion control in 
high-pressure drips. At the request of the Transportation Corps Board of | 
the Army, a study was made of a type of organic campound bejng used to 
treat Locanotive-boiler water at all posts; a report was submitted to the 
“Amy explaining the action of this compound in boiler water and why it 
could not be so used universally. Instructions on. boiler-water treatment 
and testing were given operating engineers at numerous government heating 
plants. Studies were made of the effect of boiler-water sludge on deter-. 
mining the values of total dissolved solids by hydrometer; on changes of 
the chemical composition of boiler-water semples between the time of san-. 
pling and analysis; on methods for eliminating the interference of tannin 
in colorimetyic tests for phosphate; on the stability of stannous. chlor- 
ide reagents; on the determination of total dissolved solids in boiler - 


' waters by electrical conductivity; and on the determination of chloride in 


pono waters E Oakennene tannin. 
Bolter Water Research 


Field studies -were made with special sours 1cnbeat. apparatus ee con- 
-densate lines, which gave further information on the corrosiveness of con= 
densate-containing carbonic acid; it was shown that. corrosive rates are 
satisfactorily reduced when the acidity is neutralized with an amine having 
proper volatility and alkalinity. The knowledge gained-during the study. of 
the physical and chemical benavior of one amine, cyclohexylamine, | in the 
steam system has permitted material economies in using the amine treatment 
and has extended its application to systems for which it hed previously 
been regarded as being too expensive. New applications will be made at 
many of the veterans hospitals, where the increased costs of boiler-water 
treatment can readily: be justified in preventing failures. and. unscheduled 
outages, which cannot be tolerated in hospitals. The. field studies also 
reveal that: the fundamental relationship. between .corrosion. rates, dissolved 
gases, flow rates, and. temperatures are not known and that many of. the pre- 
vailing concepts are not consistent with the available data.. Cammon errors 
made in the evaluation of such data have. been, own to. result from unwar- 
rented extrapolation and improper averaging. As a better understanding 
of the corrosion process and the factors avowed would be expected to re- 
sult in improved methods. of prevention and control, laboratory investiga- 

: ‘tion of the ee suenees of several of these factors’ has been started. 


| iabotstory eéatiaw with the sep pieelanant detector showed that potas- 
Slum hydroxide, like sodium hydroxide » could concentrate in the geams and 
wpe ends of boilers to cause eee re corrosion ene ee of 


Berk, A. A.;, Discussion of "The Evaluation of Data": Proce; Sixth 
Annual Water Conference, Engineers! Soc. Western Pennsylvenia > 1945. 
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the boiler metal ,46/ This conclusion was corroborated by tension tests in 
which stressed test specimens were exposed to the attack of hot concentrated 
potassium hydroxide solutions. Therefore, the treatment of boiler waters 
with potassium instead of sodium chemicals is not a method of preventing 
boiler-metal embrittlement. However, the practical methods of preventing 
embrittlement trouble in waters containing alkaline sodium campounds are 
also effective when potassium treatment is used.. The data obtained from 
these researches do not support a recently announced, theory for the mecha- | 
nism of the intercrystalline cracking of mild steel as Six cases of sta- 
tionary boiler cracking were reported for analysis and correlation during 
the fiscal year. The operating pressures ranged fram 100 to 465 pai. at 
Steeming rates. up to 100,000 pounds per hour. Failures ranged in severity | 
from a single tube end to widespread seam cracking that necessitated the — 
replacement of the entire boiler. Embrittlement detector tests had been 
run in units attached to two of the boilers, and the results had shown the 
boiler water to be dangerous before the cracks were discovered. The accu- 
mulated results of embrittlement detector tests in almost 1,000 stationary 
plante have confirmed the effectiveness of nitrate treatment to prevent 
cracking. Treatment with quebracho has also been satisfactory in many in- 
stances, and no test specimens have failed when all the causticity in the 
water was replaced with the hydrolytic alkalinity of trisodium or tripo- 
tassium phosphate. ‘A most satisfactory decrease in the nutber of cracks _ 
found in the boilers of Chesapeake & Ohio Railway locomotives also has re~ 
sulted fron the appli cation of nitrate treatment. | : 


“Representatives of the Bure of Mines have actively participated on 
A.S.T.M. committee work related to boiler-wat bg research, A standard speci- 
fication for the embrittlement detector test has’ been prepared. Under _ 
the chairmanship of a parapets of the Bureau of Mines, a subcommittee 
has prepared three new tentative specifications for methods of analysis, 
which have been adoptedt2/ by the A.S.T.M,._ 


| | External Corrosion of Furnace-Wall Tubes 
The \airaathamtine of external, corrosion of furnace-wall tubes in 


large slag-tap furnaces, conducted in cooperation with the Combustion En- 
gineering Co. since June 1942, has continued. The papers presented before 


A., and Rogers, N. E., Bnbrittlement Cracking in Waters aca 
| vpeining Potassium Salts: Trans., Ams Soc. Mech. Eng. , vol. 675 | 
. _' duly 1945, pp. 329-334. 7 
47/ Berk, A. A., Discussion of “Theory of Stress Corrosion of Mild Steel": 

Trans., Electrochem.: Soc., vol. 81, > 19h5, Pe 233. 
ns A.S.T.M. Designation D807-k6T, °° oe rn 
I9/ Tentative Method of Test for Total Alumjnum. and ALyminum Ion, in In- 
dustrial Waters: A.S.T.M. Designation D857-46T.. . 
.Tentative Method of Test for pin al in. indus trual Waters: ss 
.. A.S.T.M. Designation D858-45T.. 
. Tentative Methods of Test for Silica in: Industrial Waters: oes S.T.M. 
Designation D859-45?T. oo a3 
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the American Society of Mechanical Ingineers in December 1944 ,20/; 5i/ based 
upon experiments at an arbitrary temperature of 1,000°F., afforded an ex- 
planation of the mechanism of attack where characteristic deposits found at 
’ the site of corrosion were the water-soluble, sulfate type, but it was fully 
recognized then that quantitative data were needed at lower temperatures, 
approaching the nominal metal temperature of the furnace tubes in high- 
pressure units. Accordingly, quantitative experiments have been made to 
determine the effect of ee oe of SOz from 0.10 percent to 1.0 per- 
cent at temperatures of 700° to ule O000°F ae es various alkali-metal sul- 
fates, (b) iron oxides, (c) ‘synthetic tease deposits, (d) actual "enamel" 
deposits, (e) metallic iron, (f) various metals suitable for application 

to furnace tubes as protective coatings, and (g) these same metals in ¢on- 
tact with both SO, and “enamels.” The last item essentially was a series 
of corrosion tests in which the rate of attack of the respective metals 

was determined under conditions bolieved to simlate those favoring the 
attack on furnace tubes. 


| Furnace-tube corrosion associated with an external scale rich in iron 
Sulfide and magnetite, referred to as the "sulfide" type of attack to dis- 
tinguish it from the "enamel" type, does not occur as frequently as the 
latter, but wherever it has been found the degree of attack usually has 
been quite severe. Preliminary studies have been made, based upon the 
supposition thet CO in furnace geses reduces alkali-metal sulfates to sul- 
fides, which then react with the tube metel to form iron sulfide. Pure CO 
was passed over K>S0),, NapS0,, glaserite, and Kz¥e(SO 4) at 1,000° F., but 
the results to date cast doubt upon the validity of the assumed mechanisn. 
Another approach has been to determine the effect. of FeS, in an atmosphere 
of up’ to 5 percent oxygen and at various temperatures, upon the rate of 
corrosion of iron. It is believed that the data fram those studies will 
provide a more rational explanation for the sulfide type of. attack. 


To account for local concentrations of SO, at the surface of furnace- 
woll tubes in slag-tap units that are higher than the over-all concentra- 
tion of SOz in furnace gases, it has been assumed that when the coal ash 
adhering to the tubes begins to slag, sulfur gases are slowly evolved. 
Experiments ere in progress to determine the composition end the rate,.of 
evolution of gases fram several synthetic and actual coal ashes at various 
ners 


Experiments have been conducted to. determine the manner in which alkali- 
motal sulfates are formed on furnace-wall tubes. The results to date denan- 
Strate that alkali metal vapors in an atmosphere containing emoll concentra 
tions of SO, will condense on relatively cool surfaces as simple or camplexr 
sulfates, dépending'on the source of the alkali-metal vapor... 


50/ Reid, W. T., Corey, R. C., and Cross, B. J., External Corrosion of 
Furnace-Wall Tubes. I. History and Occurrence: Trans. , Am. Soc. 
Mech. Eng., vol. 67, 1945, pp. 279-288. 

au Corey, R. C., Cross, B. J., and Reid, W. T., External Corrosion of 

_ Furnace-Wall Tubes. II. Significance of Sulfate Deposits and 
Sulfur Trioxide in Corrosion Mechanism: Trans., Am. Soc. Mech. 
Eng., vol. 67, 1945, pp. 289-302. 
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_. Laboratory and field experience with various metals applied to steel 

as protective. coatings has produced promising results, and it is hoped to 
have’ enough confirmatory data for publication in the near future. Engineer- 
ing changes in the. burner arrengement of several furnaces to provide better 
distribution of coal and air have been responsible for the Pere of 
further attack and notable reduction of attack sa mony: cases. 


Smoke Abatement 


. & At the annual eoeeiae of the American Society of. Mechanical aerate 
at New York City in November, o report was presented, "Example Sections for 
- @ Smoke~Regulation Ordinance," prepared as a summary of the work for the 
past 5 years of the. A.§.M.B. Model Gnoke Law Committee, of which o Bureau 
of Mines representative is chairman. Nineteen written discussions were re- 
ceived. A special meeting of the Camittee was held at Pittsburgh, Pa., 
in Mey. The 19 discussions were studied, and certain changes were made in 
the report. It is estimated that the report will reach its final form in 
the near future. At -the request of the A.S.M.E., a representative of the 
Bureau of Mines served as chairman and prepared questions for a panel dis- 
cussion of smoke. abatement at the semiannual meeting at Detroit, Mich., in 
June. At the request of the City of Los Angeles, Calif., a meeting to dis- 
cuss the ebatement of amoke end noxious gases was called in Washington and 
was attended.by representatives of the National Research Council, the Pub- 
‘lic Health Service, the National Academy of Science, the Bureau of Mines, 
end the mayor of Los. Angeles; as a result of this conference the mayor de- 
' cided upon certain. administrative: moves in corinection with the: problem. 
Consulting service was later given the Los Angeles area, on carrying out 
‘this: work, Conferences with the editorial staff of the Chicago Sun and rep- 
resentatives of the Bureau of Mines were held regarding a “amoke-abatement 
cempaign in Chicago. At the request of the District of Columbia govern- 
_ ment, a representative of the Bureau of Mines served As & member of a con- 
mittee of three to hold hearings on the practicability of changing certain 
smoke-abatement reguiations of the District of Columb do. - Consulting ser- 
- Wice was given the cities of Wilmington, Del., and Niagara Falls,:.N. Ya, 
_ on ths establishment of smoke-abatement ordinances. ‘Since the cessation 
of “the war, requests for Bureau of Mines publications on omeke een 


— have increased serentie ys 


. Packaged Fuel Containing Anthracite Fines 


‘Packaged :f fuels: made fran ‘mixtures of anthracite fines ans bituminous 
coals with an-aspholtic pinder. have been investigated as a-moadns of utiliz- 
* ing the ameller sizes of anthracite and of supplementing the supplies of | 
domestic fuel 2 In cooperation with a large’ iIndustriol-equipmcnt manu- 


'. factarer, 29 experimental lots’ of widely varying composition, including 


/weveral consisting only of anthracite and. binder, were prepared .on comer- 
_ clal. coal~packaging | equipment. - Physical tests made to Simutate - ‘the effects 


Schmidt, Li D., Reid,. We Tey Seymour, illian, and Myers, a7 W., Phy- 
Bical and Combustion Characteristics of Packaged Fuel Containing 
Anthracite Fines: Bureau of Mines Rept. of Investigations 388, 
1946, 35 pp. 
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of handling and: storage indicated that adequate cold strength was: obtained 
in packaged fuel made entirely from anthracite fines with moderate quanti- 
ties of asphaltic binder, as shown in figure 17... Other lots made froma 
wide variety of blends of anthracite fines and high- or low-volatile bituv- 
minous coal with the binder also possessed adequate cold strength. The © 
compressive strength was shown to increase as the percentage of binder in- 
creased and also as the absolute size of the coal increased. The physical 
stability or resistance to abrasion. and spalling was found to increase 
with increasing binder content within the limits studied. The compressive 
Strength decreased, however, if coat of a relatively uniform size was used, 
as this increased the percentage of woes in the blocks. 


The burning tests were conducted with equipment and firing ecrntanss 
similar to those used for household heating. Packaged fuel made entirely 
from anthracite with reasonable quantities of asphalt binder crumbled ex- 
cesSively while burning, with the result that the grates became clogged,. . 
and adequate burning rates could not be maintained with the natural draft’ 
normally available from domestic:chimneys. This crumblingy resulting fron 
the lack of adequate caking properties of the fuel mixture, also caused ex- 
cessive loss of unburned combustible matter in the ashpit. ‘The addition . 
of sufficient bituminous coal to the mixtures resulted in the manufacture 
Of packaged fuels with satisfactory combustion characteristics. It was | 
Pound that the production of smoke ‘from these lots of packaged fuel tested 
depended primarily upon the quantity of binder used and: only secondarily 
upon the volatile content and quantity of the bituminous: coal used in the 
mixture. The effect of increased binder content upon the quantity of -— 
smoke produced is shown in figure 18. The asphaltic binder was found to 
“produce about eight times as mich smoke as: the- same quantity of high-vola- 
tile bituminous coal. Packaged fuel containing anthracite fines has been 
produced commercially by the: company that coopers tod in these: tests.. 


Utilization of Mixtures of Bituminous Coal ana Anthracite 


Calculations. and summaries were <Geupieted of many + teste: at a number of 
eke on various types of industrial stokers of mixtures.of slack bitumi- 
nous and fine anthracite. These field tests show that the use of such 
mixtures is very practicable and that it is possible to change and usually 
to adjust to an improved condition the characteristics of a fuel bed of 
eastern bituminous:-slack. coal by the addition of proper amounts of anthra- 
cite. The improved uniformity of the fuel bed of single-retort stokers 
makes possible less manual attention to the bed. -Air flow ‘through the fuel 
bed is affected. Smoke is decreased.: In- general, the fly ash as -well.as 
the unburned combustible-in the fly ash and refuse are increased. Clinker- 
ing in the fuel bed is generally lessaned.. The peak-load carrying capacity 
of the stoker is definitely affected, usually adversely for tho higher per- 
centages of anthracite. In general, the efficiencies’ obtained on singte- 
retorn stokera with the lower percentages of anthracite in the mixtures are 


Barkley, iz ‘les Burdick, L. Ro, and Wiggers, R., Tests of Bituminous- 
Anthracite Mixtures on Industrial Stokers: Bureau of Mines Rept. 
of Investigations 3916, 1946, 16 pp. ae? 
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STABILITY, PERCENTAGE RETAINED ON 0.525” SIEVE 


BINDER, AVERAGE PERCENTAGE 


Figure 17. - Effect of binder content upon 
stability for packaged fuel 
containing only anthracite. 
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about the same as with bituminous coal oly. With the higher percentages 
of anthracite, the over-all efficiencies were found to be samewhat lower. 
The: best: percentage Of anthracite to use at.a given installation depends on 
many: factors; such as tho size tonsist,: ‘the ‘volatiie and: ash content and 
ash fusion Of the fuels to bé used, the load conditions, the: smoke produc- 
tion, and the type of eqgiiipment. It mst be determined by trial for each 
IngteDlation. ‘Usually, relatively Simple mixing schemes can be devised at 
each ae Brey obtain a satisfactory | fuel mixture for stoker use. 


weoe 
ees ee ot: 


- Meer me yw wee ee eee 


‘Ash-Renoval ;- Domestic-Stoker: soaks 7 
Coals vary So. widely in their burning shakeotertsetes “that all ccale 


propared, for domestic stoker use. cannot be burned efficiently on every type 
of stoker. The overfeed stoker operates satisfactorily when burning low- 
to high-aah noncaking, bituminous or subbituminous coals; whereas, on the 
Slinkering-type, underfeed, bituminous stcker, Both ceking end noncaking 
_ bituminous and subbituminous coals are burned. Generally, these ccals 
ae: ash gontents below le percent and ash-softening Sempereturee between 
4 ,800° and, about, 2,600° Fo ey 7 
yee Bituminous and subbituminous coals with high ash-softening temperatures 
and high-ash. contents have not been able ‘to enter the doméstic stoker-coal 
merket in the Pacific Northwest » because clinkers are not formed readily 
on clinker-type underfeed atokers, especially in mild weather. The lebor 
required and attendant inconvenience entailed in handling the large volume 
of; -ash are particularly undesirables. Accordingly, an investigation was 
-undertaken to enable mines producing coals ot the kind described to enter 
“the stoker-coal- market. An anthracite stoker that conveys the refuse from 
the ash pit of the furnace and de gsits it. -in dnat-tight aera cans wos 
: eelocted. for the. ‘burning trials. eee 


Men re eae eee 


= 


It is thought that hone owners in the East who ere pate such 
_stokers. will, wish to learn how successfully enue. ceking coals can be 
‘burned, , in case of an anthracite shortage’. * ’* 


“Eight representative Washington coals were solected with respect to 
“their caking properties and ash~soitening temperatures, and eighteen heat- 
. balance trials on these coals were made to determine their relative suita- 
‘bility for use on this type of stoker. All the coals were burned at low 
and medium feed rates P and, in addition, two of the coals were burned at 
a ee feed Pate. oe 


ie teat 
sb wee dee eeeeonve = 


gure: 19 ive the stocker, the hot-water boiler, ond the accessory 
- oqutenent, ‘and table 5) shows the principal results of the bea trials. 


Ce Sr) 


_ wancey, Woy ant Tomson, pircins Bisminais cad Subbitumi- 
‘nous “Coals on’ an Anthracite, Ash-Removel-Type, Domestic Stoker: 
~ Bureau. of ‘Mines Rept. of seiibagae alee BEND," ; 1945, : ee PD. : 
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“ PABLE 9. 2 Principal results of stoker-burning trials on coals selected to 
4 > ghow effect of caking properties and ash-softening temperatures 


a aft Heat balance, - percent 
Feed rate| Efficiency,{ ..- {Bry 


i eo _ * | | ' 2 | per hour, heat to +} . flue 
i OmtaE | pounds water | Ashes "|gasee 
Coal -and:caking properties: —.: A Des cap tee ce 

Roslyn-Cascade.1 and 4, fair i = 

caking evecsccccececcnesecese 10,0 66.0 11.3 10.4 

_ times @ 17ST. | «+8340 17.8 | 9.2 

_ Roslyn 5, fair caking «sever. 9.5 — «6S 1329 | 13.3 

| Elk, poor caking i ereersne aaa: | 11.4 42.8 : 6.7 14.0 

| ; 7 4 ; 17.2 65.0 12.0 | 14.1 

Bellinghan, noncoherent saoes : 10.1 a | | 19 04 08 1064 

16.1 (pret o7 | 15.3 

22.1 13.2 1.1 15.6 

Coal Creek, noncoherent sieans 9.8 | 75.9 | 7 11.5 

ce . _ 16.1 72.8. | 6} 16.0 

| : ne ade. 2 21.5 Td o7 1 17-9 

Coal ond ash-softening temperatures! a L. Se , a: : 

Harris , 2,910+4° F. eoeseovecece , 10,2 ‘ TH.5 1.6 | 31.5 

: oe | To | 1604. 1367 | 14 | 13.6 

Coal Crock, 2,780° F. evosoceo | 9,8. T59 9 11.5 

16.1 72.8 20 16.0 

21.5 wer) 17.9 

Bellingham, 2,620° F. sesscece 10.2 79 04 , 10.4 

oS 16.1 Weal 1565 

| (22.1 * 73.2 “15.6 

Tono, 2, 380° F. sidickeecte eee. 10.0 . 77.8 | 8.5 

/ 16.4: 76.5 ‘10.8 

“McKay, 2,280° F. sidleistacibionines 946 20.4 


14, 
. It will be observed that ceking cools are genéreally unsuitable for | 
this type of stoker, but those caking only slightly may be used at some 
sacrifice in efficiency occasioned by the loss of unburned coke in the re- 
fuse. Thus, when emergency substitution of coal becomes necessary, weakly 
caking coals could be burned in-anthracite ash-removal-type -stokera. with 6 


reduction in efficiency of only 10 to 15 ‘percent. | 
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GRAPHICAL FORM FOR REPRESENTING DISTRIBUTION OF SIZES OF BROKEN COAL. 


Figure 20. - Form for applying Rosin and Rammler relationship to size consist. 


Noncaking bituminous and subbituminous coals whose ash-softening tem- 
peratures are above 2,600° F. were burned with high efficiency, showing 
the practicability of. using anthracite stokers to burn this type of coal 
for house heating. Coals with ash-softening temperatures as low as 2,380° 
F. also were burned with high efficiency, but the noise made by ‘the ash- 
" removal mechanism in crushing clinkers might be undesirable in a home. 
Stokers of this general type are especially desirable for burning high-ash 
coals, because the labor and inconvenience of handling the ashos are minimized. 


Analysis of Size Distribution in Broken Coel 


The Rosin and Rammler equation for expressing the distribution of 
sizes in crushed material is finding wide application in research end in- 
dustrial problems relating to the utilization of coal end coke. It can be 
used to estimate the quantities of material thet have been removed by 
screening from run of mine, crushed, | or slack coal; in comparing different 
lots of coal » coke, or other materials; end in evaluating certain physical 
properties of coal. As the mathematical application of this relation to 
size consist data is cumbersome, a convenient and accurate graphical method 
has been in use for this purpose. The ruling and preparation of the spe- 
cial form required is tedious, and a printed form has been made available 
in order to extend.the use of this valuab be means of expressing size con- 


sist, particularly in industrial control Figure 20 shows the form 
together with provisions for recording the a data and computations 


‘required for the application of the Rosin end Rammler relationship. In 

_ analyzing size consist data by this method, cumulative percenteges retained 
‘on each sieve used in the sieve analysis are’ plotted against the correspond- 
ing sieve size or opening. For coal, toke, or other materials that have. 
been shown to follow the Rosin and Ramnler relationship, these points will 
lie on a straight line if the size consist resulting from mining or crush- 
ing has not been altered by the removal or loss of any of the material. 

If these points lie on a curve, it.is possible to calculate the quantities 
of material: that have been, rémovéd; When these points lie ‘upon a straight 
‘line , the location and slope of this line provide an easy means of evaluat- 
ing ene describing the size distribution of the sample, 


“The: Measurement of Heat Absérption. in the Primary Furnace . 


of a Central Station Boiler 


In ordcr to obtain the operating and design data require for the most 
efficient utilization of fuel in central stetion power plants fired with. 
pulverized coal, the Bureau of Mines is cooperating with the American. So- 
- clety of Mechanical Engineers in a study of the efficiency of heat absorp- 
ition in the primary Furnace | of a ‘large central-station boiler. The tests 
“are being’ conducted’ on” ‘ary-botton, , tongentially fired, pulverized-fuel. 
unit with a rated load of 475,000" pounds of steam per hour at.1,525. pounds 
‘per Square inch’ gage pressure. ‘This unit, ’ operated. by a large distributor 


, Landers; 3 W. S.,-and. Reid, Wa Pe, A Graphical Form’ for Applying tne - 
, Rosin and Rammler Equation to the Size ‘Distribution of Broken Coal: 
‘Buréau’ of Mines Inf. Circ. 1346, 1946, 5. BP. | | 
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of electrical energy, was put on the: line in September 1945 and hes under- 
gone three series of tests since that time. Heat absorption in the primary 
furnace of this'unit is being studied with respect to the following vari- 
ables; (1) Age of the unit; (2) cleanliness of the walls; (3) load; (4) 
excess air, and (5) inclination and arrangement of the adjustable burners. 
The Bureau is determining the heat content of the gases leaving the fur- 
nace from measurements on the temperature, composition, and velocity of 
the gases at the furnace outlet. Results of these tests are then. corre- 
lated with those obtained by other members of the cooperating group on the 
furnace-heat absorption calculated from the density of the steam-water mix- 
ture along a selected wall tube, and from the thermal gradient through the 
fire side of the furnace tubes, as determined by a nee number of thermo- 
couples around the furnace. 


The techniques of test and the methods of calculation developed for 
these tests have been shown .to be accurate and will be-used in similar 
tests on other types of boilers after Campreure of has present series. 


Automatic Water Heater » 


| An automatic stoker-fired heating . system using loy- fuels was de- 
veloped and used successfully by the Bureau of Mines. sa 


The report presents practical performance data on the service water- 
heating system utilizing subbituminous coal and describes the development 
of an improved double-tank system for heating water for domestic purposes. 
Over a period of about 2-1/2 years, the two systems were used to supply 
hot water for a small laboratory using about 50 gallons a day, and obser- 
vations were made periodically to find ways to heat water automatically 
at maximum efficiency and at’ the lowest cost. | 


_ A small commercial stoker originally: designed for heating service — 
water with anthracite was. improved, with slight modifications to adapt it 
for burning subbituminous coal. The system employed a single storage tank 
and a combustion dome to extract heat -from the coal-burning stoker. It 
performed satisfactorily on subbituminous coal, but the electric-power 
consumption was disproportionately high >. because the stoker and blower 
unit operated continuously. : 

A double-tank heating system was designed to provide additional hot- 
water storage capacity and to increase the available heating surface, which 
would extract more of the heat from products of combustion discarded in ‘the 
Single-tank system. The stoker-operating mechanism was changed to allow it 
to operate intermittently and thus take advantage of the reactivity of sub- 
bituminous coal..-This improved system was operated for about 18 months 
and was tested periodically to determine its Performance under actual ‘con- 
ditions developed during normal use. °°. 


Parry, V. F., ponders, W. S.,.and Gooaman, J. Be, EGS 
Heating Utilizing Subbi tuminous Coal; Bureau of Mines Rept. of 
Investigations. 3890, 1946, 11 pp, ee 


1792 = 80 - 


Google 


I. C. THT 
' The poe. table. compares the aovramane of the single~ and double- 
tank heating systems when operating under practical conditions with subbitu- 
minous coal ee: a heating value of about 9,500 B.t.u. per pound: 


. Single-tank Double-tank 


system system 

Coal burned per day eoovsvecsocosesorve pounds 135 Sol 
Service water used per day evcrecoccese -gal1ons : 47 43 37.0 
Coal: used per gallon Of water scocccvces pound 28 ce 

~ REFUSE cocccccesoseoeee percent of coal burned 6.1 | 4.6 
"+ Ash in refuse Coo Srererecereororeoeoes percent 69.0 81.5 
‘Electric power consumed eeeocce kwe-hr. per day ° 2.0 ya 
Temperature of service water cceredcccccces OF 150. 265. 
Operating costs per month cecccccccces dollars 3.62 (£98 
~. - Coal at $6.00 POY TON cocccccesevcscceservece 1.22 {3 
e's «Power at 4 cents per KkWerhYe cecccccccvoces 2.40 : y-2p) 
Cost per 100 gallans of service water : | x 
neces soopececccenccccocccescscoces GOLLAYS ~ 26 , 08 


ges sera months the improved system furnished hot water at a rate 

- of about 50 gallons a day for a total operating cost of about $1 per month, 
’ . Including the cost of coal and electric power. The cost of water from the 

. gingle-tank. system was. about $3 per month owing to a TProEe hea 
a a cost of electric Power 


= ‘The fecaved system as operated. used about 100, 000 B. tue. per day and 
operated at, an efficiency of 71 to 72 percent. The electric power required 
was cut from 2.0 to 0.21 kilowatt per day by making the stoker operate. in- 
" termittently. - The. final design of the improved system provided for a: -coal 
hopper containing 8.0 cubic feet, which was enough fuel for 1 month's, ea 
ation without recharging. The. ash receiver was = 2 cubie-faot es ae 
retained the ash fram 300 pounds of coal. - : . a 


Performance tests on the improved system revealed that water Goad be 
heated fran 40° F. to 130° F. ‘at d rate of 16 gallons an hour. Various 
. grades of subpituminous slack ‘Goal wére used in the stoker, but it was ob- 
served that the unit performed ‘best ‘when coal 1/16 by 1/2 inch in size was 
used. When using 1/2- by O-inch slack coal, some troubles were experienced 
-with fly ash.. The stoker atid ‘heating system were designed for subbituminous 
coels, and tho particular ‘system’ emp2.oyed . is not suitable for: higher-rank 
- fuels "pecause they are not, reactive’ cnough to. maintain a live fuel bed un- 
less provisions are made for frequent: blowing of: the bed... Subbituminous 
coal and lignite will remain kindled in ‘the fuel bed for 200 ly 


Mineral Wool from Rhode Teland Anthracite 
Studies are being conducted in cooperation with Rhode Island State 
‘College to. determine. if a sieg suitable for the manufacture of mineral wool 


can be produced from Rhode Island anthracite. : The fuel, .containing more 
than 30 percent of high-silica. ash, ig mixed with Local limestone and gasified 
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in the slagging-type gas producer shown in figure 2l. Preliminary tests 
have indicated that a satisfactory slg can be produced.from these materials 
- Af a high enough rate of gasification can be maintained in the equipment. 
Because of the low reactivity of the anthracite, high temperatures must be 
maintained in the fuel bed, and it may be necessary never coo}: the re- 
action zone of the producer. = 


: -Wartine Utilization of Coal in — : 


o 6 @ @ + @ @ 
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‘arsenal of German heavy industrial and war-making proven , more attention 
was given to it. The Bergbauverein, with headquarters at Essen-Heisigen, 


*e* es © «& vf & @ e« > @ +s. @ @& 8 


" earried out the principal research on all pHases of coal ‘technology fron 


mining to utilization. Of particular interest in the field of preparation 
were plants at Essen and Aachen for preparing a coal containing only 0.5 to 
_ 0.7 -percent ash used in manufacturing electrodes.. The plant at Essen, lo- 
_ cated at the Queen Elizabeth mine, accomplished this by a two-stage clean- 
ing process consisting of a heavy-medium separation in a suspension of mag- 
netite followed by pulverization of the clean product and its recleaning by 


., froth flotation. At Aachen the extremely low-ash coal for electrode manu- 


facture. was produced by a combination of froth flotation and digestion of 
the recleaned coal in a hot, dilute mixture of hydrochloric and hydrofluoric 
acids. Another process used in the Ruhr to give virtually ashless coal in- 
volved solution of ‘the coal in organic solvents produced by hydrogenation 
of coal in another plant and the a aa aaa of, oe poe ceohNes material by 
filtration. _— | 


In the Saar, satisfactory blast-furnace coke was made from high-oxygen 
coking coals by substituting low-temperature coke made by the Krupp-Lurgli 
precese for low-volatile coal Percy BPIPESS to the Saar fran the Ruhr. 


| In both the Saar and the Ruhr, two significant features of coal prepa- 
ration differed from common practice in the United States... The first was 
the wide use of piston Jigs for treating closely. sized coal, even down to 


ce one-half. inch, as distinguished from the wide’ range of sizes treated in the 


Baum-type jig. An the United States; the other was the almoat wniversal prac- 


tice at coking-coal mines of cleaning coal finer. than about 1 m. by froth 
flotation. 


' Yancey, H. F,, Mining in aurone: Wartine Coal Production and Utilize 
tion: Coal L Age, 1945, vol. 20, Pe: eer o 


1792 ~ 82 = 


Google 


eee ee ORV ANAL! OSATDLG 


21. - Slagging-type gas producer for 
on Rhode Island antnracite. 


| Is : C.* TH17 
CARBONIZATION AND GASIFICATION: 


Laboratory Tests of Coking Coals 


In the survey of gas- and sone cusicing properties of Amerioan dente ; 
small-scale laboratory carbonization tests are made of coals from various 
sources to determine their suitability for the production of metallurgical 
coke. The tests include the Fischer low-temperature carbonization assay, 

_ the United States Steel Corporation high-temperature distillation test, 
" and the Bureau of Mines agglutinating-velue test. In a study of the car 
bonization properties of western coals, agglutinating-value tests of 88 - 
coals and small-scale carbonization assays of 29 coals were reported. The 
agglutinating value results showed that certain areas in Colorado, New Mex- 
ico, Utah, Washington, and Wyaming contain coals that have coking proper= 
tica sufficiently high for the production of metallurgical coke. ‘Low-tem- 
perature tar yields by the Fischer assay ranged: from 11.5 gallons per ton 
of coal for a Washington lignite to 59.0 gallons per ton for a cannel coal 
from Utah. No trend in yields could be noted for coals from the various 
States because of the wide variation in rank of the coals. Cennel coal 
from a bench in the King-Cennel mine, Kane County, Utah, yielded 59.0 gal- 
lons of tar and 3,82 gallons of light oil per ton of coal, compared to 26.4 

gallons of tar and 2,02 gallons. of light oil from the bench of common band- 
* ed (bright) coal in the same mine, Spores that are commonly abundant in 

| cannol coals are prominent contributors to tar and ee yields. 


. Tar and light-oil yields of a re of. Lignitic goat from Oudchita 
‘County, Ark., were determined by the Fischer low-temperature: carbonizetion 
assay. On an as-received coal basis, the tar and light oil yields wero 
25.4 and 1.83 gallons per ton, respectively. These yields are considerably 
higher than those usually - obtained fram coals of this rank, Tho high tar 

- yleld of a similar coal from the same district tested several years ago was 
accounted for by the large. amount of yellow waxy material it contained; it 
is probable that this also accounts for the neces —— ‘tar yield of the 
‘more recent ‘sample’ of coal... i eee ae . 


During ‘the | year : een cen tes ts were ae of more than 150 
diamond drill-core and mine samples of coal submitted in connection. with ex- 
ploration projects for new sources of coking coals. The coals were from the 
following areas ¢, Coosa field, .in. St. Clair County, Ala., Coal Creek area, in 
Paonia district, Gunnison County, , Colo., Lookout Mountain field in Dade 
County, Ga., ‘Georges Creek field in Allegany and Gerrett Counties; Md. and 
Deep River field in Chatham County, N. C. . The agglutinating values of ‘the 
| Coosa-field coals in Alabama ranged, from h, 6:-to 9.9 kilogrems. These values, 
Obtained at a ‘1531 ratio. of silicon. carbide to coal, indicate that many of 
the: coals are’ “etrongly coking.- | The Coal Creek coals from Colorado had agglu- 
tinating values’ rahging from 3.4 to 5.9 kilograms. These values are higher 
than those determinéd for Minnesota Creek coals from the same district pre- 
viously examined, Agglutinating values and BM-AGA carbonization-test re- 
Bults showed that same of the Coal Creek coals have coking properties su- 
perior to those of the lower Sunnyside coals of Utah, a standard western 
coal for making metallurgical Coke. The agglutinating values of the ae 
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and North Carolina coals and most of the Maryland coals would classify than 
as strongly coking. 


Agglutinating ‘values ‘that have proved to be useful as an approximate 
measure of coal oxidation are used to determine the changes that take place 
in the coking quality of coals during storege. In connection with a survey 
of storing properties of copls, egglutinating values of 48 samples were de- 
termined during the year. . The coals. examined were fram the following 
sources: Black Creek and Hili beda, ‘Alabama; Hilkhorn No. 3 bed, Kentucky; 
Raton bed, New Mexico; Pittsburgh No. 8 bed, Ohio; McAlester: bed, Oklahame; 
Pittsburgh bed, Pennsylvania; McKay | art Roslyn No. 5 beds, Washington; and 
Beckley, Eagle, Pocahontas No.3, Pocahontas No. 4, and Powellton beds, 
Vest vGt ener Se Ae , 

a In: connection with a study of complete gasification of ‘Alabama coals, 

egglutinating values of 11 samples of coal were determined by the Bureau af 
‘Mines method.’ The values ranged from 3.2 to 8.3 sahastil , which indicates 
that the sonples renged from fair- to gost Senos 


pieehen Coate 


Hadhex Low-temperature carbonization assays were made of five semples 
of Upper Cretaceous coals from northern Alaska to determine the value of 
- theso coals as a potential source of. liquid fuel. The samples were collected 
in the summer of 1945 by U. S. Geological Survey parties working in the 
Chandler and Anaktuvuk Rivors area as « part of the Navy Department's petro- 
leum investigations in Nevel Petroleum Reserve No. 4. Rank classification 
of the coals could not be made because of loss of bed- moisture during the 
period between collection and analysis of the samples; “however, .four of 
the coals were probebly no. higher than subbituminous in rank, as indicated 
by their high oxygen content on a dry, ‘ash-free coal.basis. The range of 
yields of carbonization products wes as follows: Char, 66 to 79 percent; 
tar, 8.7 to 21.5 gallons per ton; light oil, 0i95 to 1.74 gallons per ton, 
and gas, 1,890 to '2,950 cubic feet per ton., The coals were noncoking in 
the Fischer assay; the carbonized residues were loose powders. 


' Chilean Coss’ 7 ~ 


In connection with a survey of carbonizing ee neuties of coals of 
Chile, made at’ the request of the Chilean Government, Fischer low-tempera- 
ture carbonization assays were rinde of a sample cf attrital-coal fram the 
‘Blene mine, Magallanes Province ; and of samples of attrital coal and an- 
thraxylon from the Volcano mine, ‘Magallanes Provincé. These samples were 
seperated from selected semples of lump coal to ‘determine tHe effect of 
‘types of coal upon the yields of carbonization products. The -Eow-tempers- 


ture carbonization yields on a dry, Peete eee Peeeoe are as 
| Poltows: a . 
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Elena mine Volcano mine 
| attrital coal |Attrital coal | Anthraxylon 
Coke, percent eeoeceseeee sense eee 05.1 < 7% eprae 71.3 
Ter, Percent: «406 ssecssweesees 14.3 11.7 | 2.4 
Light oil, percent ...sescecee O91 0.98 © 0,24 
Gas, cubie feet per ton coal . 3,610 | 4,090 3,680 
Gas, B.t.eu. per pound coal... 620 1,010 | 0 


- @ & © & - 


The attrital coals are shown to yield mich more tar and light oil and 
lesa coke than the anthraxylon.. These differences in tar and light-oi1 
yields may be due to variations in the concentration of waxy material in 
_the two types of coal. The tars. from the attrital coals contained a large 
emount of pale-yellow waxy material eimiler in appearance to that from cer- 
tain resinous or waxy western coals. The sanbpaaa aid yielded virtually 
none of this. material. 2 eee 


Chinese Coals 


At the request of the Foreign Econanic Administration in assisting the 
Chinese Government in the development of coal resources of Chine, small- 
scole laboratory coking tests were made of two samples of washed coal from 
the Nentung mine, Tolientzu bed, Szechwan Province, and three samples of 
cool from the Tung Ling and Wei Yuan mines, Szechwan Province. 


According to their fixed-carbon content; the Samples from the Nantung 
mine are classified as near the border line between low-volatile and medium- 
voletile bituminous coals, Their aggzlutinating. values at the 15:1 ratio 
were 7.9 ond 8.5 kilograms, respectively. These high values, togother 
with visuel examinetion of the carbonized residues frem the laboratory car- 
bonization assay, showed that the coals were etrongly coking.. Yields of 
cerbonization products by the United States Stecl ee ae 
carbonization assay' were as follows + - 


a a Basia | 
‘| Sample 1 | Sample 2 


Coke, percent TOPTETTTUTETETETETETETerTe Te |... 8 3 82. 
Tar, gallons per ton coal s wesiesiee eesied sole, er Sa Sek 
Light oil, gallons per ton coal sessececese | | 1,88 2.37 
Armonium sulfate, pounds per ton coal ..... | 19.4 18.4 
Gas, cubic feet per ton COal seecesescsoeee | 9,960 ‘| 9,980. 
Gas B.t.u. per pound. coal esteccerscoecens 2,980 | 2 660 


~The agglutinoting values ‘of, the coals from the Tung Ling and Wei Yuan 
__ mines ranged from 3.5 to’ 7.0 kilograms a which shows. that these coals are 
7 medium to strongly toking. © | 


se Serdinian. Coals” 


 " AS. & part of an. investigation of a commercial. low-temperature: carbon- 
-ization, plant_ at San. Antioco, a Fischer peeaye) were. made of scmples 


ox 
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of lump coal fram three mines in Sardinia to: determine..the yields of low-tez- 
' perature carbonization products of these coals. The coals are high-volatile 
and contain 8.4.to 9.2 percent sulfur’ on am es-received coal basis. The 
following summary shows the yields of carbonization’ prodacts: ‘obtained: 


NE ee 6 6 Se a a Cel te 


Se ee EE Ge ee Te ee ON On Bie re gas 


anas’ ‘| Serbariu ‘Bacu Abis 


: " mine mine : mine 
Carbonized residue, percent .rcecese 68.2 |-.--67.2 |-::+ 66.7 
Tar, gallons per ton coal .esccscsee 42.9 352.1. | 33.6 
Light oil, gallons per ton coal .... 5.82) 3.4. )° 3.98 
Liquor, percent siigsinte ase ra race ee erecereareats 4.8 9.2 “ 9.1 
Gas, cubic feet per ton coal cescose 1 980 2,100 j} 2,030 
Gas, B.t.u. per pound coal eesevceee| 900 ‘ ”’B20 sb 790° 
HoS: in gas, percent by volume ...... 25.6 (23.1 26.3 


Because of their high content of sulfur, these coals yield a large 
amount of hydrogen sulfide on carbonization; the percent by volume of hydro- 
gen sulfide in the gas ranged from 23.1 to 26.3 percent. The carbonized 
residue from the Tanas mine sample showed that this coal is quite strongly 
coking. The other two coals were Eee? or aid 80. 


The Free-Swelling Index of Coal. 


A report29/ was prepared in response to numerous requests for informa- 
_ tion concerning the A.S.T.M. Tentative Method for Free-Swelling Index of 
Coal, particularly as-to interpretation of resulte and operating techniques. 
It includes a discussion of some of the results that have been obtained by 
the Bureau of Mines,: following installation of the test in 1938 and proce- 
dures used to overcome difficulties with coals giving carbonized buttons 


whose shapes do not ce aces with the standard profiles as given in the 
published method. 


Briefly, this awelling test consists of heating one gram of pulverized 
coal in a silica crucible over a gas flame under prescribed conditions to 
form a coke button, which is compared in size and shape with a series of 
standard profiles numbered 1 .to 9. . These profiles are intended to cover the 
Bize and shape ‘of buttons -obtained fram coals covering a wide range in plas- 
tic properties. The number of .the standard profile with which the maximm 


cross-sectional area of the button most nearly corresponds is recorded as 
the swelling index. ee ee 


The free-swelling test has proved to be useful for obtaining informa- 
tion regarding the coking properties of coal on fuel beds. Coals that swell 
excessively may cause trouble by clogging the grates and requiring a high 
forces draft to obtain the proper rate of combustion. The free-swelling in- 
dex test gives better differentiation between coals in measuring this char- 
acteristic than can be obtained by examination of the coke buttons frem the 
standard volatile-matter test or fram agglutinating-value results. 


5&/  Selvig, W. A., and Ode, , W. i, An Investigation of a Laboratory Test 
for Determination of the Free-Swelling Index of Coal: “Bureau of 
Mines Rept, of Investigations 3989, 1946, @ pp. 
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Experiments made to determine whether there was any correlation be- 
tween the results of the free-swalling test and expansion ‘or contraction 
that takes place during carbonization of coal in coke ovens showed that no 
relationship existed. The "free-swelling" property of coal heated under 
no restraining influence mst not be confused with the "expansion" property 
of oe wnen carbonized in a sont ining space. 


| “pifficulty has os experionced in assigning swelling numbers to coals 
that give buttons that show no ‘relationship in shape to the standard pro- 
files. In addition, some buttons are larger than that of standerd profile 
9, the largest profile in the series. The use of same other method of mea- 
Surement of the coke buttons makes. the test samewhat more laborious, but it 
appears to be necessary for troublesome coals. The modifications that have 
been tried for evaluating the coke buttons of nanstanderd shape were volume 
and cross-sectional area measurements. The latter method hus proved to be 
more satisfactory. The scheme adopted was to determine the relationship of 
the areas of the standard profiles to the swelling index numbers. A curve 
based upon’ these data is shown in figure 22. When a coke button of unusual 
Shape is obtained, its outline is drawn on paper and the area is measured. 
The area obtained can then be Peroree’ the curve for detormination of - 
the corresponding swelling number. ° | 


_ Wartime Progress in Coke Production 


There was..a marked advanco in the- preparation of by-product. coal due- to 
changes in mining practice and developments in mechanical cleaning. ‘How- 
ever, the scarch for and devolopment.of.new coeds suitable for byproduct: 
coking did noe keep pace with preparation methods. 


Competition in oven design has resulted in high efficiency in operation 
of the oven proper. The mechanical and electrical equipment used in the 
handling of coal and coke at the ovens has been improved considerably. 


Few changes have been made in the basic design of the coke-handling 
Plant, but there has been much progress in turing out a more uniform prod- 
uct through blending and control of the bulk density of the coal ee 
Methods of ROSE INE coke are as investigntion. 


‘The financial separa pees, coke-oven byproducts nsiy ‘be increased by 
the recovery of new products such as: pyridine and by efforts to produce 
more id ede refined end years: aromatic hydrocarbons. | 


Survey of Carbonizing Properties. -of Ameri can 1 Goals 


Work on’ the Survey of Carbonizing Properties of pmerican Coals was con- 
tinueds This: work included. application of the test procedure developed by 
the Bureau of Mines in cooperation with, the American Gas Association (known 


59/ Seymour, William, Wartime Progress in Coke Production: Bureau of 


Mines Rept. of Investigations 3907, 1946, 13 pp. 
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as the BM-AGA method), as well as studies of oxidation, plasticity, and ex- 
pansion of coals. These methods have been used for the past 16 years ina 
Survey of the Gas,- Cake,- and Byproduct—Making Properties oF American 
Coals and were designed to include investigation of many factors known to 
bear on the carbonizing properties of coal. During the war problems arose 
in the adaptation of new coals to the manufacture of metallurgical coke, 
and only that part of the procedure applying to high-temperature carboniza- 
tion was used. Several of these special problems were incomplete at the 
close of the war,.and. the leboratory was occupied with rounding out such 
— eevee tent one: during most of the yeer. | 


* Results of Carbonization Tests 


The sources of beats investigated are ‘given in table 10, and their anal- 
yses are given in. Le il. _ Analyses of standard coals used. for blending 
‘21.80° are eayens: 


Tables 12 to 435, anolusive, give the results of eivmonten tion tests 

made by the BM-AGA procedure. Table 12 gives the yields of carbonization 
- products; tables 13 and 13a, the physical properties of the coke; teble 14, 
the properties of the gas; and table 15, the. peor of tar distillates 
and light oils. 


, | . TABLE 10. - Sources of coals tested 


- No. Bed ' . Mine --: 
254;(Not named) — Vulcano | 
25h dO. Elena 
ee| do. . | Lirquen 
231 do. ' .  |..Copihues de = 
Pupunahue Province of 

279 wale 2 oe Peru 
O45 = McAlester Strip |Rockdale —_ Texas 
258 |Powellton “Powellton No. 2|Ansted Fayette W. Va. 
259 iNo. 2 Gas and pe 

less + No. 3 North Fayette Do. 
90 |jBeckley Stanaford Raleigh Do. 
280 |Pocahontas No. 4 No. 6 | do. Do. 
281 |Pocehontas No. 3 No. 2 and 3 do. Do. 
276 |Lower Sunnyside . | Sunnyside. . Carbon tah 
28h | Gunnison Colorado 
285 (dO. Do. 
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253|}100 percent Vulcano mine 


Analyses by H. M. Cooper, 
1, Sample as received; 2, moisture- free; 3, moisture- and ash- free. 
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Description 
Z 


percent Elena mine 


percent Lirquen mine 


percent Copihues de 
Pupunahue mine 


-_ 


percent coal from Peru 


percent McAlester 
strip mine 


percent Powellton bed 


percent No. 2 Gas and 
Peerless bed 


percent Pocahontas 
No. 3 bed 


percent Beckley bed 


percent Pittsburgh 
bed 


percent Pocahontas 
No. 4 bed 


percent Pocahontas 
No. 3 bed 


percent Lower 
Sunnyside bed 


percent core-drill 


hole No. 10-9, Paonia, 


Colo. coal log. 932 
ft. 8-1/2-inch, 936 
ft. 9-1/2-inch. 
percent core-drill 


hole No. 10-9, Paonia, 


Colo, coal log. 946 
ft. 1-itich,. 952. ft. 
77-inch. 

percent core-drill 
hole No. 10-9, Paonia, 
Colo. coal log 958 
ft. 2-isch, O84 ft 
11-inch. 


by Gor gle 
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chemist, Bureau of Mines, Pittsburgh, Pa. 
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TABLE 12, - 


Yields of carbonization products, as-carbonized basis 


Coal 253 - 100 percent Vulcano mine 

Coal 294 - 100 percent Elena mine 

Coal 230 - 100 percent Lirquen mine 

Coal 231 - 100 percent Copihues de Pupunahue mine 

Coal 279 - 100 percent Peruvian coal 

Coal 279A - 80 percent Lower Sunnyside bed and 20 percent Peruvian 

Coal 258 - 100 percent Powellton bed 

Coal 258A - 80 percent Powellton bed and 20 percent Pocahontas No. 3 bed eon ee 

Coal 258B - 70 percent Powellton bed and 30 percent Pocahontas No. 3 bed (coal 75 

Coal 259 - 100 percent No. 2 Gas and Peerless bed 

Coal 259A - 80 percent No. 2 Gas and Peerless bed and 20 percent Pocahontas No. 3 bed Goes a 
Coal 259B - 70 percent No. 2 Gas and Peerless bed and 30 percent Pocahontas No. 3 bed (coal 75 
Coal 90 - 100 percent Beckley bed 

Coal 90A - 80 percent Pittsburgh bed and 20 percent Beckley bed 

Coal 90B - 70 percent Pittsburgh bed and 30 percent Beckley bed 

Coal 280 - 100 percent Pocahontas No. 4 bed 

Coal 281 - 100 percent Pocahontas No. 3 bed 

Coal 276 - 100 percent Lower Sunnyside bed 

Coal 276A - 90 percent Lower Sunnyside bed and 10 percent Lower Sunnyside char 

Coal 276B - 90 percent Lower Sunnyside bed and 10 percent Gilsonite char 

Coal 284 - Hole No. 10-9, Core Semple, Gunnison County, Colorado - 932'8-1/2" - 936 19- -1/2" 
Coal 285 - Hole No. 10- 9° Core Sample, Gunnison County, Colorado - 946'1" - 95217" 

Coal 286 - Hole No. 10- 9° Core Sample, Gunnison County, Colorado - 958'2" - 964111" 


Retort Carbonizing Yields, percent by weight of coall Yields per ton of coall 
si diameter,| temperature, a Free Gas, Tar, Light oil, gal. | (NE4 ) 98 
inches OC". Coke | Gas |T oil jammonia|Liquor| Total |cu. ft. gallons| In gas|To 1700C.| poun jgas" 


1,000 O, et. Webo 1.8 8.0 
600 ore Feo 4.5 
1,000 Rieke 4.3 8.5 
600 4.5 10.9 Dad 
600 2a: 14.7 14,0 
600 2.4 0.6 6.2 
900 2.08 ie 4.17 S.7 
900 Dee / ae i 6 a 20.3 
900 ad 6.9 De 14.2 i ga 
900 wa D6 D. 11.6 18.5 
900 4 0.4 D Ll.2 195.2 
900 +o 6.3 De 12.6 19.9 
900 Set o.4 De .y4 20.4 
900 Pe Ded D. 10.9 167 
600 tt Lo S6 4, tee 7.8 
700 .o| 9.543.4 4, igs eS 
800 -t1kO0.3- S60 a4 6.7 Shae 
800 -0/10.613.0 4. 2 SB 2D%0 
800 silos T i6e 4, 4.6 23.4 3 
800 .6)10,9]1.9 D 4.0 22.0 
900 iOTEL<t foal 4, B22 19.4 
900 2.0113.6/6.5 D Live ES 
900 ot))a3.816.0 D 12.5 22.4 
1,000 FORTE oh fee I Deo 14,5 
800 oo| 9.4/1.9 O. 3.8 15.9 
800 co o. OY ae ae 3.4 = 
800 4} 9.401 20 Be 300 15.7 
800 .O 2 Onber Bs LP 15.9 
800 g21 09, 571.8 De | 15.0 
800 -4| 9.6)1.8 a5 a A GS ne 
800 ~/| 9.7/1.4 oP 2.8 L6ak 
800 ctl PeSulyt o* 20 Let 
900 cL LY Ones 8. RS RY 16.4 
900 5.4/16.215.8 8, 1 eS A a 
900 sO i6.11o.9 8. Laek Zone 
3 900 oaliteSi l.D t% 15.7 rai es 
3 900 e0/ L820 tO 7 i¢ 13.8 20.4 
3 900 FSET eoht e if 15.0 20.9 
1/ Coke, tar, ammonia, and lisht oil are reported moisture-free; gas is reported as sci seo of light oil and 
saturated with water vapor at 60° F, and under a pressure of 30 inches of mercury 
Lime oxidized in air at 1000"C fy “deys:9'27 , 9218; 3/7, 10.2% 4/, 1604s! 5/7, 338s GS 3 (0; TPL 14928 87 ee? 
7 5 VA Os 10/7; 1 es 


Seo = 


viaiizes by (OK gle THE OH © STATE UN WERSITY 


TABLE 13. - Physical properties of coke 


Coal 258 - 100 percent Powellton bed 

Coal 258A - 80 percent Powellton bed and 20 percent Pocahontas No. 3 bed oom ae 

Coal 258B - 70 percent Powellton bed and 30 percent Pocahontas No. 2 bed (coal 75 

Coal 259 - 100 percent No. 2 Gas and Peerless bed 

Coal 259A - 80 percent No. 2 Gas and Peerless bed and 20 percent Pocahontas No. 3 bed ee ie 
Coal 259B - 70 percent No. 2 Gas and Peerless bed and 30 percent Pocahontas No. 3 bed (coal 75 
Coal 90 - 100 percent Beckley bed 

Coal 90A - 80 percent Pittsburgh bed and 20 percent Beckley bed 

Coal 90B - 70 percent Pittsburgh bed and 20 percent Beckley bed 

Coal 280 - 100 percent Pocahontas No. 4 bed 

Coal 281 - 100 percent Pocahontas No. 3 bed 


Shatter test, cumulative Tumbler test, cumulative 
percent upon- percent upon- 


percent|screen} screen screen| screen | screen| screen screen} screen 
Ties ° : ° ; ° L.& 28.5 03.9 | 67.2 
kes 4.8 AS, vl* |} TO.b 
1s 6.6 9 | dawD 
1. 2.9 ae ia”) fess 
Oe 4.9 9 -3 | 74.8 
ie 5.0 Oo tS all SI Soe 
ire 41.0 -o het Oped 
Le 49.0 a: 62.4. 0050 
Le 26.9 3 -6 | 68.6 
tee 29.4 9.9 vt 1 68.3 
or 33.3 9 niet Goer 
Ly 1.3 Se iS ae Wes Pe 
Is 14.8 a: »O-} 72.2 
a 4.3 es so | 72.6 
ix" 6.6 i ys ie fe: 
ae 4 3 PN A wade 6S =. 
) 9 at §} C2ea 
4 .O eo. |, Otme 
.O 8 2 | 44.6 
8 6 /1 9 
1 + 9 0 


ea 
cn H> 01 © CO 
. . - © 


Time oxidized in air at 100° C., days: 1/, 2.8; 2/, 10.2; 3/, 18.4; 4/, 3.8; 5/, 9.0; 6/, 5.0. 


TABLE 13a. - Physical properties of coke (Columbia Steel Co. methods) 


Coal 279 - 100 percent Peruvian coal 

Coal 279A - 80 percent Lower Sunnyside bed (coal 276) and 20 percent Peruvian 

Coal 284 - Hole No. 10-9, core sample, Gunnison County, Colorado - 932'8-1/2" - 93619-1/2" 
Coal 285 - Hole No. 10-9, core sample, Gunnison County, Colorado - 946'1" - 95217" 

Coal 286 - Hole No. 10-9, core sample, Gunnison County, Colorado - 95812" - 964111" 

Coal 276 - 100 percent Lower Sunnyside bed 

Coal 276A - 90 percent Lower Sunnyside bed and 10 percent Lower Sunnyside char 

Coal 276B - 90 percent Lower Sunnyside bed and 10 percent Gilsonite char 


Shatter test, Tumbler test, 

Retort Carbonizing True |Apparent cumulative percent upon- cumulative percent upon- 
Coal|diameter,| temperature,| specific|specific 1-1 =p Sa Se ae = =A20 es 4-in. =i 
No.| inches °G.. ¢ screen screen|screen | screen screen 
279 68 94 97 98 47 79 83 86 
279A 08 90 95 98 36 15 82 86 
284 80 
285 76 
286 84 
2176 7| 
276A fs 
276B 78 
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TABLE 14. - Physical and chemical properties of gas 


Coal 253 - 100 percent Vulcano mine 
Coal 254 - 100 percent Elena mine 
Coal 230 - 100 percent Lirquen mine 


Coal 231 - 100 percent Copihues de Pupunahue mine 

Coal 279 - 100 percent Peruvian coal 

Coal 279A - 80 percent Lower Sunnyside bed and 20 percent Peruvian 

Coal 258 - 100 percent Powellton bed 

Coal 258A - 80 percent Powellton bed and 20 percent Pocahontas No. 3 bed boat re 

Coal 258B - 70 percent Powellton bed and 30 percent Pocahontas No. 3 bed (coal 75 

Coal 259 - 100 percent No. 2 Gas and Peerless bed 

Coal 259A - 80 percent No. 2 Gas and Peerless bed and 20 percent Pocahontas No. 3 bed Se be 
Coal 259B - 70 percent No. 2 Gas and Peerless bed and 30 percent Pocahontas No. 3 bed coal 75 
Coal 90 - 100 percent Beckley bed 

Coal 90A - 80 percent Pittsburgh bed and 20 percent Beckley bed 

Coal 90B - 70 percent Pittsburgh bed and 30 percent Beckley bed 

Coal 280 - 100 percent Pocahontas No. 4 bed 

Coal 281 - 100 percent Pocahontas No. 3 bed 

Coal 276 - 100 percent Lower Sunnyside bed 

Coal 276A - 90 percent Lower Sunnyside bed and 10 percent Lower Sunnyside char 

Coal 276B - 90 percent Lower Sunnyside bed and 10 percent Gilsonite char 

Coal 284 - Hole No. 10-9, core sample, Gunnison County, Colorado - 93218-1/2" - 936'9-1/2" 
Coal 285 - Hole No. 10-9, core sample, Gunnison County, Colorado - 94611" - 95217" 

Coal 286 - Hole No. 10-9, core sample, Gunnison County, Colorado - 958'2" - 964'11" 


HoS, 
Retort Carbonizing Bi Gele erains Composition, dry, percent by volume 
Coal | diameter,| temperature,| Specific] B.t.u. per cubic foot) per pound| per 100 Leni — 
¢ Determined] Calculated) of coal |cubic feet No 


1,000 0.497 365 Pb 25%. hose 125 |e 

600 667 499 Gf pee oat ye: 3.1 he ge 

1,000 444 456 est hese ce elt .t 

600 668 543 Do. 54 Be fl og 3.7 | .9 

600 644 633 t7;8). 40 )a8 6.4 [tae 

600 663 56 29 Al~ “9:2 bw ae eee 

900 264 522 eee ae oe O.(hae 

300 403 805 351 a Od oS ea By 
900 371 618 ieG| “Acme we 1. Sees 

900 347 592 1.61 bvo- Ie 6 Pies 

900 £33 585 jaf) 1S.4 0 8 1 deobeese | 

900 367 605 1381 '4,Q1 12 iy. rate 

900 349 590 £8) l4.4e4 be ele. e9 

900 335 578 1:6] (326-9 1.4 Te ee 2 

600 440. 747 £31. oaa be ee Win 

700 356 B41 91 fae pe el a 

290 292 561 18) Weed. et 12o Pive 

800 306 568 Bl Was te 128 i .2 

3 800 307 562 £2) 1328.4 te 126 iat 
3 800 308 - = tt) (ese tas 8 Pisa 
8 900 BIS 533 61 32.0.) Ea a Vigo 
8 900 349 592 v4) 13.7.9 ba 138 Nie 
8 900 346 587 roo) 13.2.9 G3 et [lee 
8 1,000 252 517 61 12.6.9 4 OTe 
13 800 . 280 529 -§) 11.6-4°h24 16 1.1 

13 800 - - - - - - 
13 800 0,292 528 es Sa a 1 |1.8 
13 800 287 515 ot AE ee .0 |1.0 
13 800 286 533 A ek tee 5 id 

13 800 292 529 - 7 ~ 
13 800 289 513 ied) }4,4 4 011.6 
13 800 281 520 rol sr | A Oo tte 
900 428 625 oO) Bie 4 Poe om ae: 

900 416 605 a a ee oo laes 

900 ~413 6017 Seo 5.9 a 0: Hidasee 

9 429 651 SB b (GnB> leass GATE 

500 "432 652 O61 teces 1 ue Oat 

900 "438 856 D4) Meet tees 311,68 


; ae ’ f. mercury. 

1/ Stripped of light oil and saturated with water vapor at 60° F. and under a pressure of 30 inches o 

Tims oxidized in air at 100° C., days: 2/, 2.8; 3/, 10.2; 4/, 18,243 3/7, O03 6/7, 9.02 2/75. 14825 8/7, oO SOx 
D7 dl Os. LO, gt AS ies 
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TABLE 15. - Analysis of tar distillate and light oil 
253 - 100 percent Vulcano mine 
254 - 100 percent Elena mine 
230 - 100 percent Lirquen mine 
231 - 100 percent Copihues de Pupunahue mine 
272 - 100 percent Peruvian coal 
279A - 80 percent Lower Sunnyside bed and 20 percent Peruvian 
258 - 100 percent Powellton bed ; 
258A - 80 percent Powellton bed and 20 percent Pocahontas No. 3 bed (coal ee 
298B - 70 percent Powellton bed and 30 percent Pocahontas No. 3 bed (coal 75 
259 - 100 percent No. 2? Gas and Peerless bed 
209A - 80 percent No. 2 Gas and Peerless bed and 20 percent Pocahontas No. 3 bed poet at 
259B - 70 percent No. 2 Gas and Peerless bed and 30 percent Pocahontas No. 3 bed (coal 75 


99 - 100 percent Beckley bed 
90A - 80 percent Pittsburgh bed 


and 20 percent Beckley bed 


90B - 70 percent Pittsburgh bed and 30 percent Beckley bed 
280 - 100 percent Pocahontas No. 4 bed 
281 - 100 percent Pocahontas No. 3 bed 
276 - 100 percent Lower Sunnyside bed 


276A - 90 percent Lower Sunnyside bed and 10 percent Lower Sunnyside char 

276B - 90 percent Lower Sunnyside bed and 10 percent Gilsonite char 

284 - Hole No. 10-9, core sample, Gunnison County, Colorado - 932'8-1/2" - 936'19-1/2" 
285 - Hole No. 10-9, core sample, Gunnison County, Colorado - 946'1" - 95217" 

286 - Hole No. 10-9, core sample, Gunnison County, Colorado - 958'2" - 964111" 
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.O 0 Py 2) 
20 4 4 
18 0.6 1 21.2 10.5 0 €.0 65.7 0.8 8.1 
18 6.7 1 28.8 21.0 4 3.6 67.6 6.0 6.9 
18 8.2 2 31.1 1.3 4 6.3 60.2 Sel 10.0 
18 4.0 1 23.5 9.5 on 1,3 71.9 oN 4.3 
18 6.4 1 26.4 0.5 “Gf 1.8 65.9 4.8 6.6 
18 2p! I ae 32.4 9.8 ras) D.7 09.5 8.6 10.6 
13 6.9 6 33.9 6.9 02 Zaed 23.1 36.4 8.7 
13 2.9 8 30.0 6.8 =i 14,5 20.1 PS: 28.9 
13 sat el 24.2 9.0 4.0 7.0 36.9 9.4 0.1 
13 3.9 at 24.3 6.1] 1.3 2.6 31.3 9.3 3.3 
13 2.4 8 2361 0.8 as, 9 49.1 eS .O 
ES 369 8 24.0 8,1 a AP 46.9 4.3 6 
18 26 ay 19,4 8.0 iS) 0.9 60.4 3.8 23 
18 1.4 9 52.0 1.0 «9 tes 63.4 8.9 8.9 
18 6.4 eh 28.9 S20 0 ie 0.0 68.5 7.3 6.9 
18 1.8 8 18,0 8.3 3 1.4 70.2 2.4 8.3 
13 1.8 .o 19.1 6.7 28 25 45.4 2.9 13.9 
13 1.8 AE 19.6 6.6 too m, 40.1 D. 7 14.1 
-13 2.0 7 19.9 0.0 a9) 20 34.0 6.6 4729 
13 Wo: ='h 18.0 8.3 4 a 43.4 4.1 14,1 
13 2.4 ol 18.3 9.1 a) 4 37.8 1.9 14.4 
13 2.4 6 19.95 6.8 =o 23 37,0 4.0 16.8 
13 2.0 9 18.1 726 «9 20 41.6 8.5 Lee 
13 2,0 .O 18.9 6.6 a, zs) 35.4 6.6 16.7 
4.5 2 31.1 0.5 4 2.1 eS 3.3 
4.8 1 30.6 2.0 6 l 9 2.9 3.7 
4.3 oa 30.1 1.3 6 Ze a 3.3 
7.0 2d 34.6 .o 6 2.9 5 6.2 
0.0 rao) 29.6 0 4 2.6 3. 4.4 
1.3 2o 34.9 0 0 3.0 6 6.5 
Time oxidized in air at 100° C., days: 1/, 3.9; 2/, 5.0; 3/, 7.2; 4/, 2.7; 5/, 7.5; 6/, 11:9; 7/, 3.7; 8/, 8.3; 9/, 
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Normally, coals of high-volatile A rank or higher give material balances 
(table 12) totaling 98.5 to 99.5 percent, and this figure serves as a check 
on the accuracy of the work. However, with high-oxygen coals containing 
high percentages of water, such as the Chilean subbituminous coals, there 
is a loss of moisture, and the material balances may fall as low as 94 per- 
cent. <A large proportion of the water at high carbonizing temperatures is 
used in the formation of water gas, which camplicates the process. The 
weight of water so used should appear as oxides of carbon and hydrogen, but 
determination of yields of gas on a weight basis is subject to considerable 
error and, furthermore, it is possible that with excessive amounts of water 
in the gas it is difficult to determine the saturation at the point of meas- 
urement. The yields of ammonia at carbonizing temperatures above 800° C. 
are generally lower than those obtained in refractory ovens, because at 
high temperatures the iron walls of the BM-AGA retorts decompose ammonia 
much more rapidly than do refractories. 


For determining the shatter and tumbler indexes of coke (table 13) two 
methods are used - the BM-AGA methods following those approved by the Ameri- 
can Society for Testing Materials and by the Columbia Steel Co. The former 
applies to Appalachian and Midwestern coals and the latter to the less 
strongly coking coals of the West. For guidance in interpreting results‘ 
for < given coal, average results are available for coals previously tested. 


For exemple, an average high-volatile A coal when carbonized at 900° C., 
in the 18-inch retort will yield coke having a 1-1/2-inch shatter index of 
70, a l-inch tumbler index of 51, and a 1/4-inch tumbler index of 72. High- 
er indexes indicate, better than average coke-making properties, whether 
the coal is of high-volatile A rank. lLow- and medium-volatile coals and 
their blends will yield stronger cokes with higher indexes. The index 
which the Columbia Steel Co. emphasize most in interpreting results by 
their method of test is the proportion remaining on the 1/2-inch screen in 
the tumbler test; this figure should be 75 or higher. The Beckley coal for 
which results by the Bureau of Mines method are given in the table 13 is of 
low-volatile rank; the quality of coke is about average for low-volatile 
coals. The average 1-1/2-inch shatter index is 85, and the average tumbler 
index is 64. The effect of mild oxidation of the coal upon the quality of 
the coke is indicated by the shatter and tumbler indexes for coals 280 and 
281. Here, the effect upon the tumbler index is most pronounced. The tum- 
bler test emphasizes abradability in the coke, and it appears that the main 
effect of oxidation upon quality of the coke is to render it more abradable. 


Properties of gases from coals tested during the year are given in 
table 14. For the most part the gases are normal, considering the rank and 
grade of the coals. However, the high yield of gas from the subbdituminous 
Elena coal (254) at 1,000° C. is cebnormal; 4,500 B.t.u. in gas per pound of 
coal carbonized is as high as would be obtained from a good Appclechian gas 
coal; its heating value in B.t.u, per cubic foot, although not es high as 
would be obtained from a gas cool, is considered high enough for city dis- 
tribution. The hydrogen sulfide content of this gas is very low - a desir- 
able quality fran the gas-maker's point of view. 


1792 - 9h - 


Google 


I. C. 7417 
Table .15 gives the properties of the tar distillates end light oils. 
The subbituminous Chilean coals show high percentages of tar acids and low 
aromatic content us compared with other coals of the table. Also, the ben- 
zene content of the light oils is low and the olefin content is high. This 
composition is characteristic of bituminous coals of low rank. The composi- 


' tion of tars from other coals in the table is also charactoristic of strong- 
ly coking coals, the class to which they belong. 


| Chilean Coele - ; 


‘Tho Gdiean agi , Nos.- 230, 231, 253, and a 60 were ell subbitumt- 
nous cools and noncoking.. They were tested at the requost of the Chilean 
Covernment. <A-“Technicel Report of the Coal Mission on Coals of Chile," 
which included "Carbonizing Properties of Chilean Bituminous and Subbitumi- 
nous Coals sampled by Engincers of the U. S. Bureau of Mines" and "Washing 
Characteristics of the Chilean Cools," was completed and transmitted through 
the Secretary of the Interior.to the Secretary of State for transmittal to 
the Chilean Government. The main points of interest were yields of carbon- 
ization products at low temperatures end yleld and quality of geses at high 
temperatures. Chile has no true gas coals-and, accordingly, it was impor- 
tant to investigate all possible sources of ges for city distribution. ane 
investigation showed that the Elene mine coal yielded 3,500 B.t.u. in gas 
per pound of coal carbonized, ond the heating value per cubic foot was 456. 
B.teue It is considered foasible to supply such gas for domestic use. The 
Low-temperature oe fron ee coals: were as expected fram coals of their 

‘ renk. 


; Texas Lignite 


Texans lignito (coal 245) mixed with asphaltic oil residuos woo, seen 
ized to determine whether a coke of metallurgical quality could be produced 
from such mixtures. It is known that asphaltic oils possess considerable 
binding power, and cokelike residues dre obtained when they are carbonized 
with totally inert carbonaccous ‘matter. The experimental procedure consist- 
ed in proparation of the raw lignite by drying and alao procerbonization, 
mixing with 10 to 30 percent of the oil residue, and carbonizing the mix- 
ture with and without briquetting. Raw lignite mixed with oil also was car- 
bonized, but a very porous coked residue bedring little ‘resamblance to true 
coke was obtained. It was finelly found necessary to prepare the lignite 
by carbonization, mix it with a viscous oi] residue (15 to 20 percent), make 
& briquette, and then cerbonize at a high temperature. Coke briqnets so 
produced were dense cnd hard,.but thoy contained too much ash (about 20 per- 
cent); furthermore, it is doubtful whether a coke produced by such an expen- 
' Sive process would ra with ‘that mate ‘from sppelechien ero eente 


pan ‘Coal 


A: sample of Peruvien Yow-volatile ‘goal taken by! ‘Thomas Fraser of the 
Bureau of Mines was carbonized at 900?’ Cc. A carbonization test was made, 


60/ This series of numbers applies OnLy to Seals on which the complete | 


BM-AGA procedure has not been nsed.. 
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also, in which 20 percent of this coal was blended with 80 percent Sunny- 
side coal from Carbon County, Utah. Sunnyside coal was chosen for blending 
. because its coking quality is similar to that of Chilean coals, and it is 
possible that this Peruvian coel will be exported to Chile for blending pur- 
poses. The Chilean Government proposes to establish a small steel industry, 
end low-voletile coal is needed for blending with native coals to preduce 
metallurgical coke. | | 


The chemical composition of the Peruvian coal is given in table ll. 
It contained 20.2 percent volatile matter, the ash content was moderate 
(7,0 percent), and the sulfur was satisfactorily low (1.0 percent). The 
coke was fine-grained and contained few frectures. Table 13a shows its phy- 
sicol properties (279) and those of the blend (279A) with Sunnyside coal, 
the coke tests being made by the Columbia Steel methods. Coke from 100 per 
cent Sunnyside coal is included for comparison. The enormous improvement 
in coke from Sunnyside coal by blending with the Peruvian coal is evident. 
Therefore, the latter must be considered a very satisfactory coal far blend- 
ing with coals of Sunnyside rank. — | : 


Powellton and No. 2 Ges-Peerless Coals 


Two West Virginia high-volatile coals that had been cleaned by a heavy- 
media (magnetite) process end their blends. with 20 and 30 percent low-vole- 
tile. coal were carbonized by the BM-AGA method at 900° C. Both coals: were 
from Ansted, Fayette County, W. Va. Powellton coal was from the Powellton 
No. 2 mine, and No. 2 Gas-Peerless coal was from the No. 3 North mine. They 
were of similar rank and chemical composition (teble 11); both contained mod- 
erate proportions of moisture, ash, and sulfur. The ash from Powellton 
softened at 2,290° F., whereas that from No. 2 Gas-Peerless, softened at 
2,890° F. Their plastic properties also were similar - both coals attained 
high fluidity in the Gieseler tost,. | 


The yields in the BM-AGA test at 900° C. from Powellton and No. 2 Gas- 
Peerless cocls were (table 12), respectively: Coke, 70.1 and 71.3 percent; 
and, upon the basis of per ton of coel, gas, 10,400 and 10,250 cubic feet; 
ter, 14.2 and 12.8 gellons; light oi1 in gas, 3.09 and 3.20 gallons; end 
ammonium suifete, 17.7 and 19.9 pounds. Powellton coke resisted breakage 
in the shatter test more than No. 2 Gas-Peerless: coke, but the latter was 
less abradeble in the tumbler test. The 1-1/2-inch shatter and l-inch tan- 
bler indexes of both cokes were. cppreciably gt gher than the averages for 
25 high-volatile A coals tested previously; the averages for 25 coals were 
70.4 ond 50.8 for the 1-1/2-inch shatter and l-inch tumbler, respectively. 
However, both 1/4-inch tumbler. indexes were lower than the average 72.2. 
Blending with Pocehontas No. 3 coal strengthened the cokes from both coals. 
The abradability of Powellton coke was decreased significantly by blending 
with 20 percent of this low-volatile coal, but other effects were less 


61/ Reynolds, D. A,, and Holmes, C. R., Physical Properties of Cokes from 


Bureau of Mines-American Ges Association Tests at 800° and 900° C.: 
Bureau of Mines Rept. of Investigations 5650, 1942, 14 PP. 
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pronounced. Blending with 30 percent low-volatile coal effected some fur- 
ther decrease in the abradability of Powellton coke; otherwise, the increase 
in the proportion of low-volatile did not improve the cokes from either coal. 
The gas from Powellton coal was slightly richer than that from No. 2 Gas- 
Peerless coal; the heating values per pound of coal were 3,210 and 3,100 
Boteu., respectively. The ee of the tars and nen olls were normal 
for en nes A: coals, 


Beckley Coal 


" Beckley-bed .coal ‘from the Stanaford mine, Mt. Hope, Raleigh County, 
W. Va., contained 79.5 percent fixed carbon on the dry, mineral-matter-free 
basis and therefore ranks as a low-volatile coal. It was carbonized in 13- 
inch BM-AGA retorts at 600°, 700°, and 800° C. and in 16-inch retorts at ~ 
900° and 1,000° c. Oxidized. samples were carbonized at 800° C., and blends 
with Pittsburgh-bed coal were carbonized at 900° C. Yields and properties 
of the carbonization products rom. these tests are given in tables le, i, 
14, and 15. cae 

This Beckley coal yielded 80.6 pace sas: (10,700 cubic feet: on 

6.2 gallons of tar; 1. 78 gallons of light oil; and 19. 4 pounds of ammontym | 
sulfate per ton at 900° C. The average yields for 11 low-volatile coais0é/ 
differed appreciably fran these in two respects - the average coke yield - 
was oe 8 percent, and the average tar yield was 3.8 gallons per ton. The™ 
900° C. coke was fine-grained and well-fused; its 1-1/2-inch. shatter index 
was 86.0 and its 1-. and 1/4-inch tumbler indexes were 66.0 and 72.2, res- 
pectively. The colces made at lower temperatures had higher shatter. indexes 
and lower 1/4-inch tumbler indexes, The 900° C. gas had heating values of 
533 B.t.ue. per cubic foot and 2,850 B.t.u. per ‘pound. of. ey ‘and contained 
150 grains of hydrogen sulfide per cubic. neve 


Blending Beckley coal with 70 and -80 percent: piteseurn bes coal low- 
ered the yield of coke 7.5 to 8.6 percent and increased the’ ‘percentage ‘ 
yields of other products except free ammonia. The ylela of. gas calculated | 
to the volume basis decreased. The strength-test indexes of the — from 
the blends were very similar to the averages for the cokes from ow-vola- 
tile coal blends in which the same Pittsburgh-bed coal wags, used. For. 
exampie, the indexes for the 20 percent: low-volatile blends were for Beckley 
and the average low-volatile coals, respectively: 1-1/2-inch shatter, 79.8 
and 79.9;.1-inch tumbler, 62.3 and 41.5; and 1/4-inch tumbler,.72.6 and 72.4. 
The blend ‘containing 30 percent Beckley coal yielded Blightly stronger coke. 
Blending raised the specific gravity and heating value of the. a8, these 
eEreots being due me a moductsce in: the Byencgen CODES ss: — | 


Tn the invest cation of Beckley. coal: the gtudy or. its poeerre proper- 
ties was emphasized. The carbonizing sample, blends with 1 and. 50 percent 


Roynolds, D: A., and Davis, Je, Dey Blending Properties of Lew and 
Medium-Volatile Coals as Determined in‘the BM-AGA Apparatus: ’ Bureau 
of Mities Rept: of Investigations 293°, '19h6,. PO. a | 

63/ See footnote 62. - so _ mea 
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Pittsburgh coal; :and six samples representing different sections of the 


mine were tested’in the sole-heated oven; the blends were also tested in 


the vertical=slot oven. The carbonization sample expanded 15.9 percent in 
the sole~heated oven at a cherge density of 55.5 pounds per cubic foot, 
which was more than the-six mine samples expanded (9.0 to 13.6 percent; 


- table 20). Pocahontas No.:3 coal from Kimball, pica sy County, W. Ya.,. 


expanded 24.4 percent under similar test conditi The blend of 20 
percent Beckley and 80 percent Pittsburgh coals contracted 3.6 percent in 
the sole-heated oven and developed a maximum pressure of 0.8 pound per 
Square inch in the vertical-slot oven; the corresponding results for 30:70 
blend were 1.0 percent expansion and pressure of 3.4 pounds per square inch. 
These blends probably could be carbonized safely in byproduct ovens;. how- 


“ever, the 30:70 blend should not be’ charged at high densities, Decanee it 


developed rather high pressure in the vertical oven. | : 


‘Technical Paper 69365/ gives results of an Aecstie tice: of ‘the. com- 
position and propertiés of Powellton coal from Coal Mountain mine, Guyan, 
We. Va. This coal ranks as high-volatile A bituminous and contained only . 
2.2 percent moisture, 3.0 percent ash, and 0.6 percent sulfur. Yields of 


' carbonization products in the 18-inch BM-AGA retort at 900°. CG. were: Coke, 


eo 


70.9 percent; and (upon the basis of per ton of coal carbonized) gas, . 
10,900 cubic feet; tar, 13.5 gallons; light oil in gas, 2.80 gallons; and 
ammonium sulfate, 19.7 pounds. The coke was well-fused and less abredable 
then the average coke from high-volatile A coals tested previously. Blend- 
ing with 20 percent Pocahontas No. 4 coal improved the phyeical properties 
of the ooke, but no significant improvement was gained by increasing the > 


- proportion of this low-volatile coal to 30 percent. Oxidation tes:ts indi- 


cated that the coking power of Powellton coal is less’ durable than that of 
Pittsburgh-bed coal. Powellton-coal contracted 6.4 percent in the sole- 
heated oven at a charge density of 55.5 pounds per cubic foct; the blends 
containing 20 and 30 percent Pocahontas No. 3 coal expanded 3.2 and 5.1 
percent, respectively, at the same charge density.’ The results indicate 
that paEenee of these coals should dé’ a ‘with caution’ in byproduct ovens. 


Panui ‘of a study of the supesieion Po exromeiriiie properties of 


Eagle-bed coal from a prospect shaft sunk from the Carbon Fuel Co. No. 7 


mine works g@ the Powellton bed at Carbon, Kanawha County, W. Va., were: pub- 
lished The investigation inoluded’.chemical and physical testa, carbon- 


' Lzation tests by the BM-AGA method, expansion tests in the sole-heated oven, 
oxidation tests , and assays. at low. and high temperatures. ‘Blends of Eagle 


Davis, J. D., Reynolds, D. Ae, Ode, W. H., and Holmes, C. Re, Carboniz- 
ing Properties of Pocahontas No. 3- Bed Coal from Kimball, McDowell 
County, W. Va., and the Effect of Blending this Coal with Pitts- 
burgh-Bed ‘Coal: Bureau of Mines Techs Paper 670, 19h4, 59 pp. 


—65/ Reynolds, D. A., Davis, J. De, Ode, W. H., Brewer, R. E., and Holmes, 


Ce Rey Carbonizing Propertios of Powellton-Bed Coal from Coal Moun- 
tain Mine, Guyan, Wyoming County, We Va.3 Bureau of Mines’ Tech. 
: Paper 683, 1945, 44 pp. : 
66/ Reynolds, D. A., Davis, J. D., Ode, M, E., Brever, R. E., and Birge, 
G. W., Carbonizing Properties of Eagle-Bed Coal from Prospect Shaft, 
Carbon, Kanawha County, W, Va.: Bureau of Mines Tech. Paper 691, 
1946, 43 pp. 
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and Pocahontas No. 4 coals were carbonized at 900° C.; one blend contained 
equal parts of Eagle and Powellton coal from the same mine. The Eagle-bed, 
high-volatile A bituminous coal fulfilled all chemical specification for 
gas and coking coels.: Yields of carbonization products in the 18-inch re- 
tort et 900° C. were: Coke, 72.1 percent, and (upon the basis of per ton 
of coal carbonized) -gas, 10,500 cubic feet; tar, 12.6 gallons; light oil, 
3.44 gallons; and ammonium sulfate, 20.9 pounds. The yield of coke was 

3-7 percent higher than the averege yield from 32 high-volatile A coals 
carbonized previously, and the yields of gas and tar were lower than aver- 
age for coals of that rank. Cokus obtained at all temperatures were well- 
fused. The 900° C. coke was fine-grained end moderately fissured and was 
more abredeble than the average coke from high~-volatile A coals.. Blending 
with 20 and 30 percent of low-volatile Pocehontas No. 5 coal increased the. 
yicld and strength of coke and decreased the yields of gas, tar, and light 
oil. Blending with 50 percent of high-volatile A Powellton coal decreased 
the yield of ‘coke, lowered the 1-1/2-inch shatter index, and reised the l- 
and 1/4-inch tumbler indexes... Eagle coal contracted 21.2 percent in the 
sole-heated oven at a cherge density of 55.5 pounds per cubic foot; the 
Powellton ‘coal contracted 9.0 percent. A blend containing equal parts of © 
these coals contracted 17.2 percent, and blends containing 20 and 30. per- 
cent, of Pocahontas No. 3 coal contracted 11.8 and 5.9 percent, respectively. 
A blend of 55 percent Eagle, 35 percent Powelliton, and 30 percent Pocahon- 
tas No. 4 coals contracted 3.6 percent. These results indicate that rela- 
tively large proportions of low-volatile coal could ‘be blonded with Eagle 
coal, in camercial carbonization. Results of oxidation tests at 100° c. - 
for periods of 4.8, 12.2, 20.0, and 43.2 days indicated that Eagle coal 
oxidized at a low rate and should have excellent sttrage properties, 


Durability of Coking Power of Various Coals 


~The Bureau of Mines test for deterioration of coking power requires ex- 
posure to air in a steam-jacketed rotary drum-at 100° C. of a large (400- 
pound) sample of stage-crushed 0-.to 1/4-inch coal, followed by carboniza- 
tion tests in 13-inch retorts at. 800° C. of weighed portions (about 90 
pounds each) of the cool after known periods of oxidation and determinations 
of the. yields and quality of the resulting cokes and byproducts produced. 
The significent figure reported is the time of oxidation, in days, in oir. 
containing 20.93 percent of. oxygen by volume,: required to redyce tho coke-: 
strength index by 15 percent. This time is designated as T)> and is an 
expression of the “durability of coking power." The “durability of coking 
power" was determined for threo" low-volatile bituminous BM-AGA coals. -=:- 
Thesé: coals inblude Pocahontas No. 3 bed, Mead Nos. 2 and 3, mines, Pocahon- 
tes No. & bed, Mead No. 6 mine, and ‘Beckley bed, Stanaford:No..1 mine, all. 
from:Raleigh County,.W. Va. The “durability of coking powor" value for.: | 
Pocahontes No. 3 coal: is 4.7, that:for Pocahontas: No,:..4 coal..is-7.3, and". 
that for Beckley coal is 10.5 days,.. The velne for. Pittsburgh bed (Warden . 
mine): high-volatile A bituminous. coal..from Allegheny County, Pno.,.is 28.5. 
days. It is.evident from these: results. that the three low-volatils coals, 
in the order named). are ‘considerably less: resistant to. exposure in storage 
than the high-volatile A coal, eo PS be ee. 
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Oxidizing Properties of Bituminous Cools 


Table 16 gives. the sources end descriptions of the thirteen bituminous 
coals whose oxidizing properties were studied during the year. As noted in 
the table, a number of these coals were received washed, and therefore such 
samples did not contain their true naturel bed moisture. In such instances, 
the classifications by renk were made from previously analyzed samples col- 
lected from the seme mines. The washed 3/4- by 1/8-inch, Pittsburgh No; 8 
bed, Piney Fork No. 1 mine coal was similar in composition to the washed 
3/4- by O-inch coul from the semo source and was used to preparo five dif- 
ferent closely sized fracticns for study of the effect of size of coal upon 
the rate of oxidation. The second sample of Beckley-bed coal was prepared 
from the first, but dried in methane gas to a moisture content of less than 
0. 05 percent before oxidation. 


Table 17 summarizes the relative tendencies of fifteen different sem 
ples of coal to heat spontaneously in storage. All of the samples except 
the sized fractions of Piney Fork No. 1 mine washed coal, designated by 
coal numbers 288.3, 288.2, 288.1, 288.5, and 288.4, were tested in stage- 
crushed O- to 1/4-inch sizo. The screon analyses of these five fractions 
and of coal 263, which wes prepared from the washed 3/4- by O-inch Piney 
. Fork No. 1 mine coal are given in table 18, which.also shows tho effect of 
Size of coal upon the forms of sulfur present. The data in table 17 show 
that the tendency of bituminous coals to heat spontaneously in storage in- 
creases with decreasing rank of the coals, In general, the agreement by | 
the two methods of test is reesonably good. The data for the Beckley-bed 
coal. samples show that "dry" coal oxidizes less rapidly than the same coal 
containing the normel amount of moisture, which egrees with previous obser- 
vetions on many other coals that the unwashed. or raw oval oxidizes less 
rapidly than the wet or washed coal from the same mine; for example, con- 
pare coels 262 and 263 in table 17.. The inorease in relative characteristic 
oxidetion rates with decreasing size of coal is well-illustrated by the data 
for the five closely sized fractions of Piney Fork No. 1 mine coal. The 
ecreen analyses of these five fractions and of stage-crushed O- to 1/4-inch 
coal 263 shown in table 18 indicate that coal 263 ie intermediate in size 
renge between coals 288.2 and 288,1. The data in parentheses in columns 4 
and 5 of table 17 show that cool 263, taken as l, oxidizes Less rapidly 
than coal 288.2 and more rapidly than cool 288.1 


Earlier studies by the Bureou of Mines have: shown that the rates of 
oxidation of different-sized fractions of the same coal are-proportional to 
the cube roots of their specific surface areas. Values for the cube roots 
of the specific surface areas were calculeted for coals 288.3, (288.2, 288.1, 
288.5, 288.4, and 263. Expressed in terms of unity for coal 263, the rela- 
tive characteristic oxidation rates computed from specific surface areas 
were found to be of the seme order of magnitude as the values given in 
perentheses in columns 4 and 5 of table 17. Lack of close ogreement prob- 
ably results from the several assumptions thot mst be made for certain 
date- and constants used in calculating the specific surface arcs. fran the 
data of screen analyses. 
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4m connection with the cooperative study with the Southern Natural Gas 
Gos of “thre conflate gasification propertivs of Alabama coals ‘by the Lurgi 
process; » using: ‘oxygen and steam, it was found that these coals were too 
strongly coking to be completely. gasified before trouble resulted fram cok- 
ing of the coal charge while it was being fed into the bottom end of the 
vertical retort.:.A number of oxidation tests.were made on two of the least 
strongly coking goula (from New River and Nauvao mines; table 16) in an 
effort to'reduce “the coking properties of these coals before charging then 
for gasification in the Lurgi retort. Oxidation was carried out in stean- 
jacketed, 50-pound-capacity, rotary-drum units using oxygen gas at 100° c. 
up to 100 and 141.62 hours.: This-oxidation treatment, while reducing the 
coking power, did not completely destroy the coking properties of these 
coals. The work is being continued for longer periods of time at pence 
temperatures. 


u of Mizies Technical Paper 68, abstracted in lest year's annual 
ye gee alate in condensed form. 06) Zz 


eiestrel ty of Coal 


Plastic pmopare tee of the 47 coal samples and blends described in teble 
19-were determined during the fiscal year. The samples were testod by 
either the Gicseler or Davis plastometer methods; two or more tests on the 
seme coal were usually made by each method. A total of 187 tests was made, 

om by the Gioseler method and 122 by the Davis method. 


‘The. “e¥rect of oxidation was reflected in ‘the plastometer tests made on 
a ie ‘of: Fiigh-volatile & Wituiirious Elkhom No. 3 bed coal from Floyd 
County, Ky.,- “whieh : -had :beert tedtdd ‘previously in March 1944. ‘Gieseler maxi- 
mum fluidity . and: ‘Davis ‘max imim ‘résistance were reduced. - Addition of 20: and 
50 pércerit of low-vokatile Pdedhcntas No. % bed coal from McDowell County, 
W. Vas; tO “the Ekkhorn ‘coal, oe the. nexium _—" and increased the 
— Besistanbe.. 3 ie: 

* BeckLéy-béd. sean cee ean bounty; We: “Va; ; showad plastic properties 
chéracteristic of ar lpw-rankifig, Low-voLatile: “bituminous coal. Tests an 
20;80..and. 30:70. pergept: tlehd’ of: this coal-:with high-volatile A Pittsburgh 
bed= coal. indicated that: the: Backléy-bed: coal would be a , suitable low-voletile 
blending goal. ne: making Diss fumace coke, 


A blend be. 49. 5 percent Of: Bagle? aninof ane ‘coal from the border ‘of 
Fayette: and. Raleigh: Counties, ‘W. Vae, and 50.5 percent of Pocahontas No. 3 
slack from Raleigh Goynty, W. Va.,. as prepared for coke-oven use by the Citi- 
zens Coke: &.Gas Utility; Indianapolis y Ind, , was tested for its plastic prop- 
erties... Excellenit gokirtg pdwer of: this ‘blend was indicated by the 310 dial 
divisions per minyté, ‘miximin fluidity observed in thé Gieseler test, and 
by the extremely High mei domi resistance: of 2: 7 pound-inches in the Davis te 


Sec Pootrote: .27:. os ' -— 

68/ | Elder, ‘Je Lb. damaat, | Le D., ae We Any and Davis, Js D., Sponta- — 
neous Heating Tendencies of foete Amy Gas Assoc. Monthly, vol. 27; 
Sept. 1985, PBw WLU, me gs She? : 
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The 1.55 specific gravity floats fram Powelltan bed, Fayette County, 
W. Va., showed plastic properties typical of a coal of high-volatile A bitu- 
minous rank. Blending this coal with 20 and 30 percent of low-volatile 
bituminous Pocahontas No, 3-bed coal decreased the fluidity and increased 
the resistance. The 1.55 specific gravity floats fram the Peerless and No. 
2 Gas bed, Fayette County, W. Va., showed plastio properties similar to 
those obtained for the 1.55 floats from the Powelltm bed; blending with 20 
end 30 percent of low-volatile bituminous Pocahontaa No. 3-bed coal produced 
the same characteristic changes as noted for the blend with Powellton floats. 


The sample of 100-percent low-volatile bituminoua ooal from Peru, South 
America, showed plastic properties similar to those of other low-volatile 
coals tested in the BM-AGA Survey of American coals. Teats on a blend of 
20 percent of this coal with 80 percent of high-volatile A Lower Sunnyside- 
bed coal gave resulta charaoteriatic of such blends. The plastic proper- 
ties indicate that the Peruvian coal would probably be suitable for blend- 
ing purposes, 


Three low-volatile bituminous coals, (1) Pocahontas No. & bed, No. 6 
mine, (2) Pocahontas No. 3 bed, Nos, 2 and 3 mines, and (3) Pocahontas No. 
3 bed, No. 2 mine, all showed similar plastic properties characteristic of 
coals of this rank. After several days' oxidation at 100° C. of the first 
two samples, their slight swelling tendencies disappeared, and after about 
14 days! oxidation fusion was almost completely destroyed. 


Three core-drill samples from Gunnison County, Colo., showed increas- 
ing fluidity and resistance in order of inoreasing depth of coal log, indi- 
cating that the coking properties should improve in that order. Judged fran 
plasticity determinations, these samples offer promise of a new source of 
coking coal in Colorado. A series of core-drill samples, taken from another 
location in the same County last year, showed no fusion in either Gieseler 
or Davis plastameter tests at the normal rate of heating of 3° C. per minute. 


Pittsburgh No. 8 bed coal from Jefferson County, Ohio, showed a low 
maximum fluidity and a high maximum resistance, indicating that it should 
make fair coke. 


A sample of Fleming Elkhorn Gas coal from Kentucky was submitted by the 
Bureau of Mines, Synthetic Gas Production Laboratories at Morgantown, W. Va., 
for plasticity determinations. The data obtained indicate that this high- 
volatile A bituminous coal should make good coke. 


In connection with a cooperative study with the Southern Natural Gas 
Co., 11. Alabama coals were tested for their plastic properties by the Davis- 
Plastometer method to determine the suitability of these coals for camplete 
gasification by the Iurgi process, which uses steam and oxygen at high and 
low pressures, Most of the coals proved to be strongly coking and would, 
therefore, offer too much resistance to the passage of gas through a heated 
coal column. The coals showing a long period of minimum resistance or max- 
imum fluidity, a long plastic temperature range, and a low maximum resistance 
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= piestcneter a appear - preferable for gasification by the. cures proc- 
ess. Coals 268 and 270 appeared. to have the most desirable properties and 
were studied exvener very by this method of cmeree gasification. 


 . Coal DSC2 from Greene. County, Pa., is high-volatile A bituminous in 
rank and has a high sulfur content.. This coal was used for experiments on 
the desulfurization of coal. Its plastic properties are nee of high-~ 
volatile A bituminous coals. a : 


| oe a special series of four oe 500°, hoo? ena a 300° C.. |. chars were 
made from a Texas lignite and blended with various asphalt binders in the 
proportion of 85:15 of char to binder for plasticity determinations. Only 
slight fusion was shown by any of the blends. The 400° C.. char with a heavy 
asphalt binder. showed the. most fusion, iinine a meptevence a8 0, — saci 
in tho Davis zona meer test. : 


A revolving oe for citeaaticaiiy prahsns the peetstenes of ¢ &: . coal. 
sample as it develops during the Devis plastometer. test was devised and in- 
gtalled. After some adjustments were made in the gears and pulleys, the . 
automatic. recorder. proved mute Betioae tone: end has: been in ee. use 
Since eer in. the year. | oe: 


Swolling Properties ee: Cont, During the, coking Bosses 


7 ‘Baresi of Mines equipment for testing the eeolaag: pecperees of coal 
during coking includes two vertical-slot ovens and a sole-heated oven, all 
electrically heated. The large vertical-slot oven: uses a steel retort. that 
holds 350 pounds of coai. .The small vertical-slot: oven requires no retort, 
as its heated surfaces are silicon cerbide; 3 the chamber holda 17: nounds. of 
coal. These two vertical ovens are operated at constant volume, and the 
pressure exerted on the movablo wall is measured. . This pressure is the max- 
imm to.be expected on coke-oveh walls. :The sole: oven is charged with 40 
pounds of coal and is heated only at.the floor. It-is. operated at a con-. 
_etand pressure of 2.2 pounds per squere inch, and’ the: percentage of expan- 
sion (or contractim) of the original thickness of coal: charge is taken as 
the characteristic expansion index of the coals Most duplicate teats in’ the 
so0le-heated: oven give expansion results that agree within 1 percent or less. 
This oven is useful for comparing. differmt coals but does: not show. the max- 
— pressure to. be expecved on coke-oven aaa 


Results fron the enall vertical oven are not reported at this Mee og 

. G@ifferent test. procedures end heating schedules are being uaed to determine 
the effect of these factors upon the maximum wall pressurea and to develop 
@ procedure that gives good agreement between duplicate tests. Thirty-nine 
tests were run in this small vertical oven during the year,, and many data 
have- been accumulated thet may lead to a standard tost procedure ond corre- 
lation of results with oither the-.large vertical: oven or tha salo-heated 
oven. One coal blend tested gave maximm wall: pressures that correlated 
with the time required for the center of the coal charge to reach approxi- 
mately 100° C, This time was less than 1 hour for the slowest heating rate 
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or lowest wall tomperature at charging. Other coals or blends may not show 
this same susceptibility to.a slight change in heating rate or wall temper- 
ature at charging. For this particular toal blend, the effect of the heat- 
ing rate through the preplastic range seems to have considerable effect up- 
on the maximum wall pressures when the plastic layers meet. Table 20 gives 
the expanding properties of the coals tested durive “ee year in. the sole- 
heated oven and the large vertical oven. . : 


A new sample of Pocahontas No. 5 coal (075) for blending purposes was 
received. This coal was tested in the sole oven and expanded an average of 
21.7. percent as compared with a semple from the same mine received and test- 

ed in 1942, which expanded an average of 24.4 percent. , 


: It hes been suggested that Beckley ened: be used to Gain the diminish 
ing supply of low-volatile coals. As there are frequent occurrences of 
Steep dips and rises in the Bockley bed, with thin coal on the crests of 
the rises and thick coal in the bottom of the dips, six special samples 
for expansion tests were taken from various parts of the mine in addition — 
to a carbonization sample. Blends of 20 and 40 percent Beckley bed -coal 
with 80 and 70 percent, respectively, of Pittsburgh-bed coal, did not show 
dangerous expansion pressures in the large vertical oven. However, the - 
30:70 blend was tested at a bulk density of 49.88 pounds per cubic foot end 
gave a maximum wall pressure of 4.4 pounds per square inch. High bulk den- 
sities using the 30:70 blend probably would give dangerous expansion pres- 
Sures. Two sole-heated oven tests were made on Beckley coal with oxidized 
semples, After 18.4 days of oxidation at 100° C., the expansion wes low- 
ered to 3.6 percent. A dry sample oxidized for 8.2 days.(and water equiva- 
lent to the normal moisture content of the coal then added) expanded 40.0 
percent, or almost twice the peapnete of the wncxddtzed semple of normal 
moisture content. 


2. ae “Coal blends were gubateted. by tho Siticeis Gas he Coke Utility, Indian- 
apolis » ind., to check the expansicn of oil samples containing a high per 
centage of Pocahontas No. 3. coal. The first of these blends, coal 257, 
consisted of 49.5 percent Eagle cool from the border of Fayette and Raleigh 
Counties, W. Va.,:- and 50.5 percent: Pocahomtas No. 3 bed coal fram Raleigh 
County, W. Va. : The second blend, coal 257A, consisted of 55.0 percent Eagle 
bed and 45 percent Pocahontas No. 3 bed coal. Blend 257A was received in 
the oiled condition; no unoiled samples were received. Both the oiled and 
unoiled blends were tested. in’ the sole-heated oven and the large vertical 
oven. The large oven tests on the oiled samples all gave pressures greater 
‘than 4.4 pounds per square inch, or the limit of the gage. An attachment 
has since been added to the large vertical slot. Ory: = Ke) may pressures uw 
‘to 5.0 pounds per: square inch can be measured. 


The l. 55 floats from two: high-volatile A coals, Povellten and No. 2 ~ 
Gas, were cleared by a heavy-media process, and each sample was then blended. 


with 20 and 30 percent Pocahontas No. 3 coal (c75). All of these blends .were 
coniracting in the sole-heated ovens bed 5 


1792 - 108 - 


Google 


- 60T - 


. . | 3 c6LI 


| . ‘user08 YouT-5/{ ssed 07 poysnto otdmes .ceTItd /CT 
‘ ‘ ‘ ‘ ‘ ‘ ‘ ¢ ‘ ‘ ‘ ‘ ‘ ‘ aT Berle 1703 - BUTUTBIUOS oTdures ‘eT Td a! 
"r'er ‘/€T fo°it ‘/et to°s “/TT te°st ‘/OT ‘0°6 ‘/6 ‘9°s ‘/e fb°st S/L f2°8 ‘/O *shep *°9 COOL 9B ATE UT pezTpyxo omTy 
7 *SUOTIFPUOD SUNTOA 4UBASUODD 48 PTOY 04 .eTqeun ‘amssoud 


TTB ION /G 


*edoTs Jo m0430q 4S [BOS HOTUL 


*peq seTHOe, QUedsed COT 


. 
_ 


o 


"edoTB Jo 4Beard Ye [ROQ UTU] fs 


"setdame uofsuedxs [Teyoeds ig 


°4899 eTsuTs 


8°62t+/T a i ce ee a ds dae ee Re peq g “ON sequoUuBI0d queo.zed OOT /G{282 

e°egr SD REDE S ee ee, 8 Peer meee) BO DORM neers Ree Ree) eee Nei ake): aero peq £ “ON SB jUOUBOO”d quec7ed OOt tI 82 

6° + Be ee eee Ne ee ONS aU See omnes ee Ae ued Shek eee ee ee cee iers& Grane este peq 3 “ON se U0YyB00g quedzed OO! /ET18S 

9°2 + Dee yee ae at ge Menge eerie neg ie nt tray ieee See ees eee peq g “ON SB UOUBI0g que078d OOT” /eq 182 

v Ost BSS AO REE IIE Se OS RS RR OAS: OSS OOS OR Se RR Oe Ree BR ee peq Ss °ON se qUOUBOO”Y quedued OOT (A182 

G°ggt Coe ese sere secseseeseorceresecosrensersessseeseseosoros peq e "ON BEUCUBOOg quedued OCT 182 

G°I a CCH CHS H TCO THC H ECHO H HEHEHE HEH HOHE OHH HEH HOHE SOHO RESO LH EOE peq $ “ON se UOyBI0d queoued OO /6j082 

Z°9 + eeeeoeerererereseserereeeresereoeseoeeereoeeaeneoeeeeorn peq % °ON se qUCyBOOg quested OOI 92 

L°22r Cr oeeeeeeooeoraercereseeeeoeeeHeererererereoeoserorere peq y "ON saquouRood queored OO! 5 92 

6° 2st ae ee ee ke Se Ts00 peq y “ON sEBqUOYTeO0g quedded -00{ 082 

8° - sseeeesee* peg ¢ “ON SBqUOYBIOd JUedUed OE PUB Peq sBeTUeed Pus SED Z *ON JUadTed'O/ | gEGz 

6°S - eeerereece ped € °ON SBVUOUBOOd quedued 0g pue peq:sse[Tdeeg pue Sep c °ON queoded og VW6Scd 

3 ; L°?I- @eovoeessrceoeovreeeoneeeeseoeeserverveecs (sqeoTy SS°T) peq: sseTz98edg pue SB Z “ON qyeoued 90} 6SZ 

s° - Teeecerececesocccecorrs ped § “ON SBqUOYBOOY qUsdued. Og pile peq UOJTToMOg UEedUad 0; desc 

: e*sc = . SAME OSS: SRY SOS SS. 0998-0: 78 Sie Oe 9 peq ¢ “ON sSBqUuoOUBood quedued Od pus peq. UopIT Tamod queoued 08 V8GC 

S°LT- eeeseeceeereeeseeeseeeseeeeeeeeereseeneoreoeeeaenes (sqBoTy GG°T)- pea uoq[[emog quecued OOT gSz 

ua ‘/T L° oe seeeceeeceee (oTdues PETTO) peq ¢ “ON SBqUCYBOOd qUedded Gp Pue peq eTZeq yUsdUeEd ‘Gg VLG2 

v°o/G rrtrtre (etdures petto) ped ¢ “ON sejuUoYBDCd JueoUed ¢°OG PUB peq .eTZBq WuedTEd.g* Ey, LS 

o°s . me oe + ee ee Sg ee eye peq Ss “ON 887 U0UB00g qued..ed G°OC pus peq eTZeq qusc1e8ed C*6P LSZ 

9° + . Beg ee Re he ee re Cay tae ts et ee he ee ee ee oe peq AeTxoeq * yuedued OOT {1,06 

0°OEt OO ee ero ae ee Gere th nen tien em ap ie ed mags Seep Ore |e eee ah ts OL, S£aTHooeg quedded OOT /K06 

0°6 +. tosecececcceseses. suTpa % “ON JJo £tqUe PUTTA AJOL UIJTI JJO Wood ¢ “ON “oTdues OUTW jpees 

b°ott recees AQUE 2005 0GT QUSTI YWYSTe Jo YALOU UAITJ Teued YeuTJ woou | ‘oN ‘eTdums. put: 72069 

9°OI+ "*Qhad qusta Adque jYystu uy euzT Aquedoud ysed yooy COE SUTeU Asem QSuTJ ‘eTdures ouTW: /BO6P 

eK) orerererrrs azeT uquste JJO wood gg “ON JJO QUSTA 09 Ysnor HABeUq Ysuyy ‘oe Tdures suTW 69 

.9°SIt/E erere* QJeT UWSTOS JJO seTaque qUusTA YQUNOJ UseMge0q YSnouYAxeeUq YWIMOJ ‘oTdues sUTW “706% 

: 6° EIt Re SO Oe ee ee eye ee ee s£qut 1003 00Z SUTOU 14.70U 48cTJ J JO. qusTa at 9 Se ‘o dures SUTIN ge 

ey OT + CSS e RN ONE SL Ree ene ee Ie ALES Nene One MAAnee peq YysINGe3 Fd quesued OL pue peq fLaTx0eq Zuo ded og a06 

8°O T 9° = Brie fe eae Soe ere ne RS Reyne er) © 5 e ean peq ysmqsyitd queduzed fey) pus peq KaTxOeg quec1ed 02 VOB 
6°SIt POSS Ae a ee Be ee Oe Or Oe ANOS Ce See Ce 0 88 epTs qusTa uo Arquo ssodo I "ON Aqut 19a] 

; OST ‘UQdOU AsaTy ‘esunoo Ute pujyyy ‘eTdures Suyztuoqueo ‘peq fLeTHoeg queoued cot 06 

L° Zt POP Re A Sg ae ee ener tea ROY ee aut ey COS Te NE a nS peq e “ON SB] UCUBIOd queczed OOl GLO 

yout atenbs ued quecored ‘400; uoTydTaoseq “ON 

‘at ‘eunssoud otqno wed ‘qT : [B09 


TTeM umuTxXeW | S$°S¢g ye UuoTSsUBdxY 
*uUeAO 90OTS "UBSAO Pe1BoU-9T[Og 
- TROT IIA Soret 


Sisal 386)-UoTsieig - “02 FIdVL 


Liv, °O°L 


oogle 


G 


~~ 


I e C e T41T 


Although the chemical analyses, carbonizing properties, and plastic 
properties showed no significant differences for Pocahontas No. 3 and Poca- 
hontas No. 4 bed coals, their expansion differed by 5,6 percent. Pocahantas 
No. 3 expanded more than the No, 4% coal, and its coke was slightly stronger. 
Prolonged oxidation of these two coals resulted in appreciable reduction in 
their expanding properties. 


Blending Properties of Coals 


For a number of years it has been the practice in the Bureau of Mines 
Carbonization Laboratory to make blending tests om all coals included in 
the Survey of Carbonizing Properties of American Coals. All low- and 
modium-volatile coals have been blended with Pittsburgh-bed coal from the 
Warden mine, which has been chosen as standard, and high-volatile coals have 
been blended with a low-volatile coal considered as stenderd. Several low- 
volatile coals have been used, but Pocahontas No. 3, from Kimball, McDowell 
County, W. Vae, has been used in most cases. Blending proportions were 
chosen arbitrarily, being 20 and 30 percent of the low-volatile coal with 
80 and 70 percent of the high-volatile., Results of these blending tests 
have been published with other data on the coals in questi, but up to the 
present, no attempt has been made to summarize the results and generalize 
on the effect of blending upon quality of the coke and yields of byproducts. 
The “857 hove been collected and summarized in Report of Investigations 
3936 The following conclusions were reached as a result of the summuary: 


The results of BM-AGA tests at 900° C. of 12 low-volatile, 8 mediun- 
volatile, and 26 high-volatile coals and their blends were analyzed to de- 
termine the effects of blending upon the quality of coke and yields of by- 
products. The low- and medium-volatile coals were blended with 70 and 80 
percent Pittsburgh-bed cocl; 5 low-volatile coals were blended with yarious 
high-volatile coals in the same proportions, The relative coking power of 
the individual coals and their blends was determined by comparing the shatter 
and tumbler indexes of the cokes, The following conclusions as to results 
in the BM-AGA retort were made from this study; 


1. The averege coking power of medium-volatile coals equals that of 
loy-volatile coals, This equality holds true if they are carbonized sep- 
arately or as blends with Pittsburgh-bed coal, 


e. The most strongly ocokjng medium-volatile coals coke fully as well 
as the most strongly coking coal of any rank when carbonized separately, 


3. The coking power of medium- and low-volatile coals generally indi- 
cates their value es blending coals, although anomalous results are sometimes 
obtained where different high-~volatile coals ere used, The coking power of 
binary blends correlates with that of the higher rank coal more closely wha 
medium-volatile coala are blended, 


4, Pocehontae No, 4, Pocahontas No, 3, and Beckley are satisfactory 
low-volatile coals for blending with high-volatile eastern coals, Blends 


69/ See footnote 62. 
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containing Pocahontas No. 4 coal: from No. 4 mine, Raleigh County, W. Ve., 
yielded slightly stronger coke than similar blends containing Pocanontes No. 
5 coal from No. 5 mine, Wyoming County, W. Va. 


Hartshorne coal from the Quality mine, Sebastian County, Ark., 18 a 
very satisfactory low-volatile coel for blending with Henryetta coal from 
Ok-Lahomas and povacn coal fran Kansas. 


Se Blends of low-volatile coals yield more coke and less tar, Light’ 
Oil, and gas than blonds cuntaining oqual proportions of medium-volatile © 
coals. The yield of gos on the volume basis is Rh eaeiaee | the same for 
blends a iow-volatile: and oe ‘coals. 


The above conclusions | are - made with reepect. to the coking conditions 
provailing in the BM-AGA test retort. They are presented for the informa- 
tion of the coking industry in the nope that discussion and publication of 
results of plant operation will show how the results of the BM-AGA appara- 
sue can be ne in me study of blending problems . 


Bureau of Mines-American Gas: Association 
BM-AGA) A tus and -Procedure 


. Apparatus and methods used in the Bureau of Mines-American Gas Associa- 
tion carbonization<-test procedure were described in Bureau of Mines Mono-. 
graph 510) published after completion of the first 30 coals to be teated. 
Ninety coals have now been tested by the BM-AGA methods and gradually, over 
@ period of 16 years, minor modifications in apparatus and procedure have 
been introduced as experience gained indicated. .Radical changes have not 
been adopted, because any radical departure from procedures originally de- 
vised would interfere with camparisons of new test data with those already 
gages pparetus and procedure now used ere described in Technical . 
Paper 685, issued during the year. The main improvements made in appara- 
tus. were ow use of the elactric furnace exclusively for heating the retorts 
(dispensing entirely with the gas furnace) , (2) provision of water jackets 
for the light-oil, scrubbers, in which the temperature is controlled auto- 
matically ot 5° C., (3) better instrumentation, ond (4) provision for study- 
ing the expanding and oxidizing properties of coals. Procedures have been 
moditied only as to minor details in the interest of higher precision, and 
some tests have been edded to give more complete information. For example, 
water displacement of the retorts is determined before and after carboniza- — 
- tion tests.. These tests show whether the coal expands stragly enough to 
deform the retorts and aelicete sag whether the coal is strongly or -; 


Fieldner, A. C., ond Davis, Je De, Gas-, Cokeé-, and’ By-Product-Making 
“Properties of American Coals and Their Determination : ~ Bureau of 
Mines Mono. 5, 1934, 164 pp. 
mf Reynolds, D. A., and Holmes, C. R., Procedure end Apparatus for Deter- 
., mining the Carbonizing Properties of American Coals by the Bureau 
_ f Mines-American Gas Association, Methed: purSeny of Mines Tech. 
Paper 685, 1946, 35 pp. = 
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moderately expending. Coais that do not expand strongly enough to deform 
tthe retorts should give’ no trouble in a byproduct Oven unless charged ct 
higher densities. More attention 4g now paid to ‘the density of charge in 
the retorts, because charge density strongly influences expansion and phy- 
sical . eee of the coke to some extent. 


Bulk-Dens ity Research 


The extent of packing coal particles (that is the bulk density of the 
coal) in coke-oven charges has o marked influence upon the behavior of the 
charge during coking. Fluctuations in the bulk density of coal cause vary- 
ing charges per oven with resultant uneven plant operatian and poor quality 
of coke output because of under- or over-coking of the charge. Excessively 
low bulk densities can ceuse fluxing of the brickwork of the oven walls 
when the ovens are being operated at the maximum flue temperature. lExces- 
sivoly high bulk densities can cause generction of excessively ae pres- 
sures, which distort and pandee the brickwork of oven walls. 


A new test method ,12/ colled the dropped-coal nethod was developed by 
the Bureceu of Mines for predicting the averege density of coal in coke-oven 
charges, so that coke producers could have a reliable method for guidance 
in their effort to produce larger quentities of higher-quelity coke in 
existing equipment. Figure 24 gives a comparison of actual bulk densities 
with those obtained by the new dropped-coal method, the standard A.S.T.M. 
method, end the cone method. The average density in the oven is the base 
or zero line in this illustration; the plotted points. show how far ‘semples 
of » various oven charges deviated from the bulk density of the actual oven 
charge when the samples were tested by the various methods. In the range 
studied, the dropped-cool method developed by the Bureau followed the oven 
results with great fidelity, regardless of moisture content, oil trcatment, 
or fineness of crushing of the coal, whereas previously existent methods. - 
were found to vary widely from the desired behavior. These studies con- — 
_ Pirmed the opinion of many operators that the older test methods did not give 
results that paralleled actual oven bulk densities closely enough to allow 
the use of correction factors. The complete report on this work gives de- 
tailed data on the conparative tests and also covers general espects of 
bulk-density control as well)as factors influencing the packing behavior of 
coal in full-scale ovens end test containers. 


7 bas ae Gasification of poutsb oat ste Le Coal and Lignite 


Research and development work on gasification of lignite ond subbdituni- 
nous coal in externally heated alloy retorts was continued on the small 
- pilot plant at Golden, Colo,, and on the commercial-size pilot plant at 
‘Grand Forks, N.-Dak. ‘The large’ plant was operated 1,400 hours during the’ 
year to.produce 16,000,000 cubic fect of various grades of water gos fron 
natural lignite. 


Kuvil, H. S., Schmidt, L. D-, ond Grahan, H. G., Gantrol of Bulk Deo- 
sities in Coke Ovens: Studies of Precision and Application of Var- 
ious Testing Methods: Bureau of Mines Rept. of Investigations 4935, 
May 1946, 21 pp. 
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Research wore was " conducted at Golden to obtain data an the mechanism 
of the reactions encountered when coal is converted to gas in an externally 
- heated retort and to observe the factors affecting capacity of the retort. 
It was demonstrated that the rate.of gas formation can be. increased from 
66 to 81 cubic feet per hour per square foot of heated surface by. decreas- 
ing the width of the reaction zone from 2.75 to 2.0 inches. Further stud- 
ies were made on control of the composition of water gas by variations in 
temperature and. in the concentration of steem, and the physical and oa 
cal pEcpertzes of high-ash char residues were. determined. 7 


The composition of water gases . from low-rank fuels can be varied over 
ea wide range. Figure 24 shows the change in gas’ composition and heat of 
reaction as the concentration .of steam is increased. in. the process rele 
investigation, the H>/C0+CO, ratio in the water ges, designated by "Z," 
be varied fran ere: to l. 80° vy adjusting steam concentration and a a 
ture. An important: objective of pilot-plant tests has been to work out the 
operating problems involved in making these different grades of water. gas. 
If the water gas is to be used for the manufacture of industrial hydrogen, 
the value of "Z" should be 1.7 to 1.8, and a high concentration of steam 
and relatively low temperatures are employed in making the gas. On the 
other hand, if the water gas is to be used for making synthetic gasoline, 
which needs a gas having a H,/CO ratio of about 2.0, the apparent equili- 
brium or "Z" will be 1.3 to 1.5. Low steam concentration and relatively 
high temperatures are necessary for these. conditions. The intermediate 
water gases that have an apparent equilibrium denoted by "Z" of 1.5 to 1.7 
are the easiest type of gases to make in the externally heated retort, be- 
cause the natural balance of: hydrogen and carbon in the low-rank fuels 
favors this equilibrium at moderate temperatures. These intermediate gases 
' probably will be useful as industrial heating gas. No. tar is formed in this 
process, but the cambined hydrogen appears in the eee: gas in the form of 
saturated gaseous hydrocarbons end illuminante ° 


The inves toaticnas during 1946 on the two ee plants.have solved 
many practical problems encountered in this new method of making water gas. 
The pilot plants were described in the 1945 report of research and techno- 
logic work on coal. It was found that both lignite and subbituminons coal 
will move freely through narrow reaction zones 2 inches wide. High rates 
of heat transfer through the metal wall in the range of 6,000 to 7,000 
B.t.u. per hour per square foot were attained. It was further observed 
that the high-ash char residues are amenable to handling in simple mechan- 
‘ical and pneumatic devices. In. the large plant, .the unconverted char is 
removed continuously into 8 receiver and then extracted and transported 
fran the machine hy a gs jet, which conveys the char any desired distance 
from the generator. It wes observed that operating problems increased es 
the concentration of, steam was advanced. 


‘The behavior of the’ alloy ateeal retort with respect to its life and 
cost is an important objective in operation of tho plants. In the large 
plant, the vessel is 4 feet in diameter and 20 feet in length. It is sus- 
pended in a vertical furnace, which peeves temperatures of 1,500° F. to 


~ 
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2, 050° F. by the cambustion of a mixture of gas, air, and Products of com- 
bustion. Thus far, -during.1,400-hours. of. operation at 2,000° F, maximm 
temperature, the alloy retort - shows no evidence of failure. It is believed 
that the retort will last several thousand hours, which will be ascertained 
during 1947, when the-large plant will be operated 4,000 to 5,000 hours. 
Figure 25 shows the a ia are of the Grand Forks plant as it was Sberetet 
during 1946. os a Sf 


., This suventiaation has Aanonatrated the. value of pilot-plant dtcua in 
the development of a proceas. The small plent incorporates the major fea- 
tures of & ccmmercial-sizs plant on a reduced scale, and changes can be 
made quickly at low cost. The experience: geined- from its operation was 
useful in the design of thse large plant. . The size ratio of the two plants 
is 1:5. Tables cl and 22 compare the performance of the plants on a unit 
basis. It is shown that.the lerge plant is more efficient, whereas per- 
formance of the smell plant indicates improvements that can be made q@m.a- 
larger scale. The operating charucteristics of each plant are about -the 
same, and experimental results obtained on coals tested in the smell - unit 
compare ve with those obtained in the navee unit. 

A Report. of Investigations aseeviving the small pilot plant faa ether 
experimontal isl connection with gasification of low-renk fuels has 
been published. % Scotus Me Me. a | 3 


Gasification Processes Using Oxy g en, 


Oxygen has hoe naee extensively din urope ‘for the production of gas, 
The use of oxygen permits the continuous gasification of coal in gas pro- 
ducers yielding a substantially nitrogen-free gas superior in quality to 
normal producer gas. Oxygen gasification has not been utilized in the Unite 
‘States on a commercial scale because of the high cost of oxygen. As a re- 
sult of recent developments in large-scale production of oxygen at lower 
cost and demands for gas for special purposes or from fuels not generally 
gasified, an intense interest in.all gas-production processes using oxyg@ 
has been expressed by industry and research workers in the United States. 


,» V. F., Gernes, D. C., Goodmen, J. B., Wagner, &. 0.,‘Koth, A. 
We Patty, W. L., and Yeager, E. C., Gasification of Lignite and 
_ Subbituminous Coal Progress ‘Report for 1944, (I) Carbonization end 
' Gasificatio of Lignite in- Laboratory Retorts; (II) Gasificatim 
of Lignite in Glover-West Retorts; (III) Gesification of Lignite 
Char Briquets in a Water-gas Machine; (IV) Gasification of Subbi- 
| tuminous Coal and Lignite in the Golden, Colo., Pilot Plant: 
Bureau of Mines Rept. of Investigations 3901, 1946, 59 pp. 
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Figure 25. - U. S. Bureau of Mines pilot plant for gasification of lignite, 


Grand Forks, N. Dak., December |I945. 
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. TABLE 21. - - Gasifteation on coal in emalt pilot plent, Golden, Colo. 


oi oe anew ae 


Test No. 
2 a a ee: _12C 
eo | Stegm=fp 2 fw ed ae | 
"1° | artea |Naturel| Wyoming {Natural 


Kind of ‘aeae eeeaeeeoeovoeosvse@eaedeee0e6e08080 
Cool-charging rate, pounds per , 
-hour per square foot of retort 
surface' srg guts ie ici gavel aide &lavelcd-ealace 1s hh, 1.24 
Percentage gesifiedl/ sevccccecee|7606 | Get 
Steam: 
Pounds per hour per square 


Subb. lignite ieee subb. jeaeee lignite 


‘foot of retort surface: oe es 
“+ Upper annwlus .i.ccccceceee| 4.0! 3.8 iae9 | 266 301 3.6 
Lower annulus eevee se ee ee a's), 8.0 | 8.2... ‘2.2. hy. 5,4 49 
Used per mol - carbon gasified) 7.0 | 6.25 2.93 | .3.65.] 2.02] 2.81 
Convertéd & ee 1.75, 1.65 1.49 1.47 1.37 1.36 


Net heat used: 
Bote. per: cubic foot of was, fw fl ee 


MAAC ‘secacecccccsvcceccceseee} 190| 180] 202] 180 | 138] 266 
MB.t.ue per hour per square : —_ 


foot of retort surface - Ce 9219; 964Q | :8.03 |..9.29 111.29] 10.52 
Average furnace ‘temperature 5 ol od 


1.540 1 ,605 | 1,690 11,730° {1,800} 1,750 
Cubic fect ‘hour per square 
foot CORTE COCCCO COLO Oe 81.5 , 63.3 


Cubic toot of dry a8 per 


pound: Of COML cecclcccecsccecoe | | 


Ho/CO ratie = R accel 7-18). 
| 


30. 
A. 13. 2.72 |}. 
Retort arrengencnt: ae 7 ee oe ' : 
Width of arnulus, inches weseoe ; 3 5 3 ° S05 2 2 


Ratio of length of top to | a oe | 

Dottom annuli cecvecsccccccce, Lot 2.4 24 2.4 2.79) 2.12 
1/ Percentage of carbon in coal convorted to i kncs , trast endhe | 
2/ Per mol: of carden gasified, Z-= @ By (C00. ca 
3/ Saturated at 60° F. ee He. oo. 
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TABLE 22. - Gasification of coal in lerge pilot plant, Grand Forks, N. Dak. 


| Pre- 
limi- ! 
nary A OA 5B 3G xL/ 


Kind of coOal...ccccccsccoccce | Lige | Lige| Lig.| Lig.| Lig.| Lig. |! Lig.| Lig. 
Coal-charging rate, pounds | ee ie ae | 
per hour per square foot 
of retort surface... 3000} 3246] 2643] 3,64) 2,00| 3.30} 2.69) 3.71 
Percentage gasified2/.......| 4807 [4720 .|8507 17409 |-58.8 177.4 |74.6 | 80.0 
Steam: oa 
Pounds per hour per squere 
foot of retort surface: 
Uvnper annuluS...-..ceue ) 
Lower annuluS...ccceee Le 
Used per mol of carbon , 
ensified. ceorvessrccscese 4.86 5276 2.50 2e20| 8.74} 2.61] 1.94) 1.90 
Converted = Z9/.......00- -| 1.56] 1.65] 1.41] 1,.42}-1.70;) 1.48] 1.37] 1.33 
Net heat used: , 
B.t.u. per cubic foot of 
PAS MEG ws ss 66 6:6 6 5:6 ee 00's 
MB.t.u.e. per hour per 
square foot of retort | 
SUPT ACs 660054 Seo bores ore. 
Average furnace temperature, 


300 | 2.0 | 204 | 429 20D 1.8; 2.0 
9 ? Dek. 4.20 4.6 4.6 20d 4,0 


(144; 130; 126; .127|- 201{°°'123; 121; 110 


6.47} 6.54! 7.80] 9.84] 7.66] 9.23! 7.22] 9.35 


OW ee ee 505-6 assess wei 1,810/1,825 
Gas made; 
Cubic feet per hour per 
Square foot, a a Saige 


1 ,825}1,670/1,77011,790/1,345|1,785 
r 
Cubic feet of dry gas per. | 
| 
| 
| 
| 
| 


| 


46.1150.3 61.7 776 6 3802 Ira. 9 pe: 9 185 


pound of COS bikes Soe ve a%-s i 
Ho/CO ratio = Reseesserons 
Retort arrangement: 


1/1443 |25.0 20.9 |16.8 - 3 121.8 {22. 
7| 2.58) 2.44]: 2. “s 5e43| 2071 | 2618! 2 
| 
! 


3 | 
3 +) 


Width of annulus, inches.. 4. 4 3 oS e Led 
Ratio of length of top to’ j, | 
. bottom annuli...-ceccccece 2.02| 4.03, 2.26! 2.26} 2.11) 2.11; 2.11} 2.0 


1/ Desired conditions for 2,000-hour test. 

2/ Percentage of carbon in coal converted to gas. 

Sf Per mol of cerbon gasified. Z = Hp/(CO + COg) in the water gas formed. 
4/ Saturated at 609 F. and 30 in. Hg. 
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‘Results of the investigations in Europe by the mambers- of the Tp - 
nical O11 Mission were embodied in a report‘ by the Bureau of Mines In 
this report, the oxygen-gasification processes were divided into four ) 
groups ; (2) Processes: in which fine fuel is gasified in a fluidized bed, 
(2) ae: in which fine. fuel is gasified in suspension,: (3) processes 
in which fine fuel is gasified in a fixed bed, and (4) processes in which 
lump fuel is gasified in.a fixed bed. The Winkler process wes described 
as typical of the first group; the Koppers powdered-fuel process and the 
Schmalfeldt gasification process are typical of the second; the lurgi 
-pressure gasification process: typifies the third; and the Thyssen-Galocsy 
and Leuna Slageing a ere repres entative of the fourth. 


As oxygen production ‘is one of the prine considerations in connec- 
tion with gasification processes, the most recent available results = 
oxygen production end its utilization in gas-making processes both a 
home and abroad were summarized in a more comprehensive publication, “15 / 
which includes a brief history of tho process, a discussion of the pro- 
_ duction of oxygen by the Linde-Frlnkl process, by electrolytic. dissocia- 
tion of water, and by the use of regenerative chemicals. The gasification 
processes described again included the Winkler; the Koppers powdered fuel, 
_the Iurgi pressure gasification method of gasifying fine fuel in 2 Pixed 
_.bed, and touched upon the Stcere-Airco and Van Nuys méthods of gasifying 
fine fuel in a fluidized bed or in suspension. In addition, methods of 
gesifying lump fuel :-in a stationary bed at normal pressures were duscribed, 
ond the results of operation of a pilot plant at Leaside, Ontario, were 
given... Slagging operatioe were covered in the descriptions of the Thyssen- 
_ Galocsy and the Leuna generators, which were. observed in Germany. 


LIQUEFACTION © 


Research on the ercduotien or liguid fuels from coal and lignite was 
begun by the Burcau of Mines in 1924, After. collecting many fundamental 
- data, the work was recessed wntil. 1936, when a laboratory-scale experiman- 
tal conal-hydrogenation plant capable of hydrogenating about 100 pounds of 
- coal in 2h hours wes designed and constructed.. Fran 1936 to 1944, 16 
coals were assayed, andthe results demonstreted that low-ash and low-car- 
bon coals were the most suitable varieties for liquefaction. _ 


_ Newman, L. am Oxygen Gasification Processes in Germany : A.IM.E. 
. Tech. Paper .2116, 1946, 16 pp. 

15/ Newman, L. L., ‘Oxygen Production ‘and Utilization in Gas-Moking Proc- 
esses:. Report of Gas Producticn : Cemmittec, American, Gas Assooia- 
tion 1946 Proceedings, Dh pp. 
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‘The bessage of Public Law 29 in April 1944 permitted expansion of the 
Bureau's program in this field New buildings to house the research ond 
development laboratories have almost been completed on a l2-acre portian of 
the Bureau of Mines Experimental Coal Mine and Explosives Testing Station 
property eat Byuceton’ , Pa.. While construction is going on at Bruceton, the 
Research and Development Division has been functioning in leboratory space 
provided at the’ Bureau 's Central Experiment Station at Pittsburgh » Paw 


‘To carry the hydrogenation proceases for the production of ofl end 
gasoline toward commercial utilization, demonstration plants are to be | 
built to furnish the necossary cost and engineering data for the develop-- 
ment of a synthetic-liquid-fuels industry. New equipment ond methods de- 
vised in thé research and development progrem can thus be tested on a 
lerger scale. : 


An extended atuay of aes 206 proposed locations in 21 cool-producing 
States was made to select a plant site When it become apparent that 
some of the Government-owned synthotic-ammonia plents used in the produc- 
tion of munitions during the wor would be closed down, it was decided that 
one of these would provide on ideal location. The War Department, acting 
through the Quartermaster-General, hes made ths synthetic-ammonic plant at 
_ Louisiana, Mo., aveileable to the Bureau of Mines. . Thé acquisition of this 
plont will result in a material saving in construction costs end will great- 
ly speed the demoristration-plant program, os general facilities ore ime- 
diately available, os well as mich specialized ee thet can be ae 
porated eae the demonstration plant. | 


Preliminary-flow diagrams ond plot Plants are. now peine aneneeed for 
this plant. Initiel design is based upan about 200 barrels of oil per dey, 
a figure that mey be modified materially. 


Rescrt of Naturcl. Gas and Steam 


To svar gate a cenoaals’ by industrial engineering seinen es to : desig 
and construct equipment for use by the Division at Bruceton, Pa.,.for syn- 
thesis-gas ond: hydrogen: production, @ study was made of the uncatelyzed 
naturcl gas-steam reaction. The proposed process was to heat the natural 
gas-steam mixture in a "pebble" furntce, in which alundum-clay spheres 

1/2 inch in diameter are preheated oy combustion of natural gas and then 
passed into the reaction vessel, where they transfer their heat to the 


716/ Fieldner, Arno C., Liquid Fuels from Sources Other than Petroleun. 


Statement in Investigation of Petroleum Resources (New Sources of 
Petroleum in the United States, Hearings before a Special Commit- 
toe Investigation Petroleum Resources, United States Senate, 79th 
Cong., June 19, 20, 21, 22, and 25, 1945, pp. 336-349). 

‘‘Pieldner, Amo C., ‘Synthetic Liquid Fuels Program: . Yatjonal Petro- 

 * Jeum News, vol. 37, No. 36, sec. 2, Sept. 5, 1945, pp. .R-709-15. 

U1/ Unpublished report of the Secretary of the Interior _to the 79th Cong. 

on the Synthetic Liquid Fuels Act fren els 1, 1985, tO Dec. 31, 
1945. | 
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Figure 26. - Fischer-Tropsch catalyst testing units. 
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Figure 27. - X-ray diffraction powder patterns of various iron Fischer-Tropsch 
catalysts and the crystalline ferric oxides and ferric-oxide 
hydrates. 
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natural gas-steam mixture. Because of uncertainties concerning reaction 
velocity and amount of carbon that might be deposited, the laboratory 
study was undertaken. Experiments were done in the temperature range 
1,225° to 1,516° C. with steam-natural gas ratios of 1.5 to 5 and contact 
times in the range 0.21 to 4.6 secods .18/ Even at the high temperatures, 
long contact times, and steam-natural gas ratio of 5, there is some carbon- 
ization of the natural gas. The extent of carbonization is dependent upom 
temperature, contact time, and partial pressure of steam. 


Catalysts in Synthetic Liguid-Fuel Processes 


A literature review was presented of the development of catalysts for 
the hydrogenation of carbon monoxide to yield hydrocarb and for the 
hydrogenolysis of coal and oil. , 


The chief aim of the Bureau of Mines catalyst testing program is to 
‘determine the influence on catalyst activity of conditions of catalyst 
preparation, pretreatment (such as reduction and carbiding), and mode of 
induction (starting the synthesis) for iron and.cobalt catalysts. The 
tests were conducted in smell converters containing about 45 cc. of cata- 
lyst in the shape of 1/8 by 1/8-inch pellets or granules. Figure 26 is a 
photograph of a battery of 12 units. At the right side of the photograph 
are the flowmeters that control and record the rate of flow of synthesis 
_@as to the converters. The latter consist of 1 /2-inch iron pipe filled to 
a depth of 12 inches with catalyst. The catalyst temperature was maintained 
by boiling Dowtherm in an electrically ‘heated jacket surrounding the tube 
and controlling (autamatically) the pressure on the Dowthern. nos 


The results of the catalyst-testing program are summarized as follows: 


.'itt Ll. Active, durable, and easily regenerated iron catalysts can be pre- 
pared by maintaining special conditions of precipitation of iron hydroxide 
fran ferric nitrate solutians and providing a small concentration (about 
O.1 percent) of.alkali, preforably potassium carbonate, in the finished 
catalyst. There is littlé if any advantage in two or three compment iron 
catalysts such as iron-copper or iron-copper-manganese. This conclusion 
was arrived at also by the Kaiser-Wilhelm Institute fur Kohlenforschung in 
Germany in publications cited later. (See Foreign Fuels, footnote 95.) 


2. Excellent correlations have been observed between the X-ray dif- 
fraction patterns, magnetic susceptibilities of the iron catalysts, and 
their activity in the synthesis,&0/ A comparison (see table 23 and figure 27) 
of the X-ray diffraction patterns of unreduced ferric oxide catalysts with 


Gordon, A. S., Uncatalyzed Reaction of Natural Gas and Steam: Ind... 
end Eng. Chem., vol.. 38, 1946, pp. 718-20. , 
73/ Storch, H. H., Catalysis in Synthetic Liquid Fuel Processes:, Ind. 
and Eng. Chem. vol. 37, No. 4, April 1945, pp. 340-351. ; 
80/ Hofer, L. J. B., Peebles, W. C., and Dieter, W. E., X-ray Diffraction 
_ and Magnetic Studies of Unreduced Ferric Oxide Fischer-Tropsch 
Catalysts: Jour. Amer. Chem. Soc., vol. 68, No. 10, 1946, pp. 


-” 1953-1956, 
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the diffraction patterns of the ferric oxide hydrates and of hematite 

(H Fe,0,) showed that the inactive catalysts (with thé exception of 47F) 
in the upreduced state, before use in the synthesis, all ‘contained | 
PF¥es0 eH,0, and the active catalysts contained either Afeg0 -H,0 or 

= 6 Fe,0,, or both, but no /3Fe50 eH.0. Catalysts prepared from ferric chlo- 
ride “(the 47 series) or from ferric nitrate mixed with an appreciable quan- 
tity of potassium chloride (catalyst 10M) contained 4 Fe,.0 oe were 
inactive, whereas those prepared from pure ferric nitrate (the O series 
excepting 10M) were active. Catalyst 47F, which contains no P¥e,0 -H,0 
despite its preparation from ferric chloride, was inactive. It was-shown 
that in this case {Fe,0z.H,0 was initially present but that prolonged 
washing caused aging and conversion to AFe,0,. Canparisons of intensities 
(height of vertical lines) and wave lengths (Angstrom units on horizontal 
axis) given in figure 27 form the basis for the conclusions outlined above. 


It should be noted that none of the iron oxides mentioned in the pre- 
ceding paragraph is stable under the conditions of the Fischer-Tropsch syn- 
thesis on iron catalysts. The deactivating effect of precipitation in the 
presence of chloride ion is not due, therefore, to the presence of 

Fe,0_.H.O itself, but to some characteristic which it imparts to: the 
finished Gatalyst. Although chloride ion seems to have a small deleterious 
effect (see Foreign Fuels, footnote 95), the presence of AFeo0z.H,0 at any 
Stage of the catalyst preparation greatly accentuates’ this deactivating 
effect. Active catalysts were obtained by precipitation from solutions con- 
taining cupric nitrate and ferric chloride; cupric chloride and ferrous 
chloride; and only ferrous chloride; but in each of these cases the precip- 
itate at no stage contains any “Feo0,.H20, as the presence of the bivalent 
ion insures a crystalline form other than fi ¥eg03-H20. : 


The magnetic susceptibility of the catalysts was determined by measur- 
ing the force acting upon a sample suspended between the poles of an elec- 
tranagnet with specially designed pole faces so as to obtain a uniform 
gradient between them. The magnetic belance used is shown in figure 28, 

It was calibrated at several field strengths with Mobr's salt (ferrous 
ammonium sulfate, hydrated. crystals), the susceptibility of which at. 27° C. 
was taken as 31.6 x 10°™~.. The probable error of the measurements is in all 
cases + 0.5 x 10-6, ll of the measurements were made at a field: strength 
of 2,120 gaousses. The magnetic susceptibility data of table 23 show that 
all the attive 10-seriss catalysts, with the exception of 10M, and all the 
80-series catalysts (prepared from ferric nitrate by precipitation with KOH 
solutio instead of vee solution, as in the 10 and 47 series), had higher 
magnetic susceptibili 1eb than the inactive catalysts. 


3. Tests on the durability of iron catalysts showed that their useful 
life was only a few weeks at atmospheric pressure but at least several 
months at pressures of 5 to 7 atmospheres. The Kaiser-Wilhelm Institute ex- 
periments cited later (see Foreign Fuels, footnote 95) include tésts that 
show that active iron catalysts have a useful life of more than 1 year at 
15 atmospheres pressure. | ~~ 
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4, ey diffraction oe of seieits Hare ia cael catalyate 
show that the unreduced catalyst is almost completely amorphous, the sharp- 
est line in the pattern being that due to the quartz present in the kiesel- 
guhr. The X-ray pattern of the reduced catalyst shows the lines of cubis» 
cobalt crystals. ‘As the cubic form is unstable: at room temperature, it is 
likely*that the thoria and magnesia have an inhibiting effect upon: oe :COhi- 
version of oubie to hexagonal cobalt. te 

‘1 $ .. 

55. tA study \ wes made’ of the porosity and eartace areas. of. unreduced ' ‘and 
reduced: cobalt-thoria-magnesia-kieselguhr otelyete. d of different types 
of kieselguhr. ‘Total surface area was measur by: determining the ini- 
trogen -absorption isotherms at -195° C. The number of molecules réquired:to 
form a ‘mohdlayer was calculated frah the Branauer, Emmett, and Teller Equa- 
tion (dour. Amer. Chem. Soc., vol. 60, 1938, p. 309), taking 16,2° Angstroms 
as the average cross-sectional area. oF the nitrogen molecule.83/ The nitro- 
gen isotherms of unreduced cobalt catalysts are the usual S-shaped type, : with 
only a slight amount of hysteresis, indicating that, the pore structure. con- 
sists of, ‘capillaries, most of which are larger than 500 Angstran units’ An. 
diametén. Most of the area is provided by the cobalt oxide; Praney cams: : 
pier end only little by the kieselguhr, = ae 


“Kileselguhr , or diatomaceous earth, is a mineral composed of the ckelotas 
. of diatoms, which are microscopic planta. This residuum is. easentjally ". 

‘" hydrous-amorphous silica. Table 24 presents data on surface arcan and. pére- 
sity: of various. complain area : 
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‘Pirter dor, @ marino dtintcnscoons ‘earth oa Laupoe : Galit. » and Port 
gese kcieselguhr ‘(probably Ge fresh-vweter’ product) wore found to. be équally 


“fnderson, Re Bey Hall, We K.; Howlett, BR. De, and Salignan, Be, Studies 
of ‘the Fischer-Tropsch Synthesis. Part. IIs: Properties of: Unreduced 


|. Cobalt Catalysts: Jour. Amer. Chem. Soé. (In press.): {| | | 
Anderson, R. B., Hall, W. K., Krieg, A., and. Seligman, B., Studies of 
the Fischer-Tropsch Synthesis, . Part Ii. Properties of Retuoes a 
- balt Catalysts: (In preparation.) 
82/ Anderson, R. B., Improved omen Veggel: Ind. and: Eng. Chem. ; pal. 
- ede, vol. 18, 1946, p. 1 
&/ Adderson, R. B., Modifications of the Brunauer, Emnott, and Teller Bque+ 
‘toot Jour. Amer. Chem. Bos. , vol. 8; 16, PP. bea 
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effective es carriers for the cobalt-thoria-magnesia catalyst, and both | 
were definitely superior to Hyflo Super Cel, which is prepared by alkali 
paee ee, and eerospery of Filter Cel. 


The surface areas: bf the catalysts are not additive with respect to 
the areas of the kieselguhrs used, Catalysts prepared from Hyflo Super Cel. 
have lower areas than those prepared from natural kies elguhr, and in. most 
| instances the difference is greater then can be accounted for by assuming 
additivity of surface areas of the kieselguhr and the cobalt-promoter complex, 


The bulk densities of the catalysts reflect the bulk density of the 
kieselgubr used in them. In granular catalysts , the bulk density varies. di- 
rectly with the bulk density of the kieselguhr, whereas the densities of the 
pelleted catalysts appear to be functions of the kieselguhr and of. the pellet- 
ing; which is not always reproducible. It is interesting to note that the 
bulk volume occupied by an amount of granular catalyst containing 1 gram of 
kiesel guhr is nearly equal. to bulk volume of a gram of kicselguhr, » .When 
the catalyst is pélleted, the bulk volume is less than that of the kicsel- 
gubr that 1t contains. 
In table ‘25 are given the auras areas and pore volumes ‘of several un- 
reduced cobalt catalysts in tho granular and pelleted form. In every in- 
.atance, the surface areas of pelleted catalysts are less than. the. correspond- 
.ing gramules. When the filter cake was slugged, that is, pressed into a 
very large pill, which was then ground and repelleted to produce hardor and 
. more reproducible pellets, the area dropped further. For exaMpLAy, B41 m°/g. 
' for 1088 granules, 76.0 n@/g. for amall pellets, and 66.5 m°/g. for slugged 
pellets. These results are difforent fram those found far the surface area. 
of a rigid gel.- such as silica-alumina uéed as an oil oracking catalyst - 

_ Which was not changed by pelleting. The average pore diameter calculated — 
for cylindrical pores fran the pore volume divided by surface area are about 
250 A for pellets and 800 A for granules. The MCL5, which contains no kfe- 
. Selguhr, has pores of 330 A diameter in a grenular form. Fram the data 

. presented, and others, the followfng picture of a cobalt catalyst is.pre-. 
sented. The kieselguhr.in a catalyst acts as a "brush pile” into which the 
cobalt complex may be. placed without increasing: the bulk. volume. The cobalt 
complex. is canposed, of clusters of mich smaller particles then the kiesel- 
guhr, and these particles probably almost completely cover the kieselguhr,. 
so thet the total.surface may be cobalt complex. seas of the pores are of 
the order of 200 to 1,000 A in diameter. | 


As. shown in teble 25, the surface areas of ‘unreduced cobalt, sitaiyats 
are in the range 67 to 98 for the pellets: and 8&4 to 110 square metars per. 
gram for the granules. The activity of the catalysts listed in table 25 - 
varies directly with the surface area of the unteduced catalyst. The pre- 
sence. of promoters in cobalt catalysts makes reduction more difficult -and. 
prevents sintering. The area of a cobalt-thoria-magnesia-kieselguhr catalyst ) 
reduced at 400° C. in a rapid stream of hydrogen for 2 hours, was 357 square 
meters per gram. Approximately 40 percent of this surface was cobalt metal. 


1792 ~ 125 - 


Google 


ae C. THT 


TABLE Oe - Properties © of unreduced cobalt Hischer=tro een. ca sts 


Par m1 — Pore 


. . lArea of|Area oF 
| ' | kiesel- cata=- ;cent ; a 
guhr, | lyst co- 
Catalyst: ) Kieselguhr ° = Pe balt |*He @ne2/ loo. / CC. /R- 
Fischer pachtansek vas ings se payee : : 
108 aivives ; \Filter Cel - . 22.2. } 8h.1 ; - }0.48113.08 | 1.76 
) - Filter Cel | 22.2 71.6 |34.0]1.13 | 3.08 ° 
- LP ‘easel | 22.2 66.5 {34,011.51 j 3-08 34 
Hall (Cobelt-Thoria-Magnes 1d-Kieselgubr ye : . | : 
: MOLD peeeees | G None 149.0 | -676| 3.80 | 1.22 
OL cieccwn: be Hyflo aise Bg ded 83.6 | | oo 2.75 1.60 
2 P Hyflo Super Cel} 1.9 | 752 | 23. a). s27 12075 | -. 643 
895 eSecese | G Filter Gel | | 22,2 104.1 043: 2.76. 1.97 
| P Filter Cel 22.2 88.7 ab.5| 97 j2e7T | - 07 
OOK secveee ae Portugese : hy 101 41 I | 61 2.75 1.28 
eae | “PR |Portugese: =| -17.5 98.2 |2h. 613 6202.75 | -M] 
BI. eceee | io, Reeasin 14.9 | 109.3 -(h5| 2675 | «2.89 
; = oy 14.9 86.2 1.10 12.75 Phe 9, 
G %iD-911 | (29.3 101.9 ! - | 4412.75 | 1.47 
P  |D-911 3 6 | . : 


a: ‘es SET P = pelleted, and LP = lerge pellets. . 
2/ Hg = specific BOVEY So TORE “Ho = specific gravity in helium. 


Unreduced iron catalysts pikenanea by trecdpitaticn by alkali from aqueous 
solution have'a higher surface area than unreduced cobalt catalysts and usual- 
ly are of a gel-like structure.: Upon-reduction at 360° C., the creas.of such 
iron catalysts decrease to about 5 percent. of that of the unreduced catalyst. 


6. Acid extraction and calcination of Filter Cel and alkali extraction 
and washing of the magnesia used in the:preparation of the cobalt-thoria-mag- 
mosié-Ffiter Cel catalyst did not enhance its SOUTALY ‘in the Seese 


re SayenaL modes of snduaticn/tatarting. the aimpheese after’ reduction 
of catalyst) of the cobalt-thoria-maugnesia-kieselguhr catalyst were tested. 
No significent differences were observed owing to changes in starting temper- 
ature (usually 150° C.) or rate- of increase of temperature. Induction at 100 
pounds per square inch pressure of OH5+iCO resulted in lower activity during 
the first 400 hours of operation, as compared with similar induction at at- 
mospheric pressure. Beyond 400 ce the activity was the same for the in- 
seas at bg two Brn euree y | ‘ 


I. C. 7417 


&. Operation at atmospheric pressure of the synthesis on a Co-Th0,- 
. MgO-kieselguhr catalyst, for'1,500 hours, was followed by an additional 800 
hours at 100 pounds -per square inch pressure. -The activity of the catalyst 
during the latter period was identicel, within the limits of acta 
of the tests, with ‘that during the first se alate hours. ee of 


9. In the catalyst tests, a 15.8-mm. tateroni=ai aneter catalyst tube 
containing a 6.4 mm. outside diameter thermocouple well was used. The thick- 
ness of the annulus of catelyst was 4.7 m. and its height was 30 cms. In 
this apparatus it was-found possible to increase the space velocity (volumes 
of synthesis gas per volume of catalyst per hour) to about 500 without damag- 
ing the catalyst by sintering. The operating temperature increased from 
_ about 180° ¢C. at 100 to 205° Cc. eat 500 space velocity. The space-time yield 
of oil increased’ from 10 kilograms per cubic meter of sages dan Pee hour at 
100 space velocity to 42 kilograms at 500 space veloci ty.:' ; 


.In. general, pelleted catalysts produce more methane, C,-C end carbon 
dioxide’ thon the. granules (dry filter-ceke, crushed and screensd), as indi- 
cated in table 26 for..runa 18 and ,1Q and 21 and.26, It will be noted that 
the temperature of operation at a.given space velocity is considerably lower 
than for the pelleted .catalyst, clthough when the temperatures are comparod 
' at a given flow per gram of catalyst the granules operate at slightly lower 
temperatures. It may .be concluded that the variation of activity between 
pellcts and granules is due to the decrease in surfoce area during pelleting. 
The change in the distribution of products is significant, but not too great. 
In most instances it would probably be desirable to pellet. the catalyst to 
achieve the increased throughput, as the improved mechanical properties 
usually eutwere the undes irable effect of pelleting upon. pEosucy distribu- 
tion. 


 . TABLE 26. - Granules vs. eae = | 
a eee, | Products in grams. per cubic meter 
_ Average .- _ 7 oo 
temperature ,| Contraction, SpaceL/ an oe | 
OO. percent | velocity | CE -Ch B00 golds 
a Gin ee Run 21, pelleted GJ 0.5 a. of catalyst 
ee errr | 72.0 ~ 112.0 | 20. 35-0| 7-9 |190. 6 | 102.4 


a “l' Run 26, ‘gronulor. 895, 11.0 g. of f catalyst _: ae 
19h coccceeel. 520 [ 97. es 7 5.2 |158.5 | 84.6 


Run 1 lleted OOK, eee . of catalyst | 
316: sireeeees 72.7 101 : 37.0 eat 180.7 


Run 18, granular 89K, 16.0 g. of catalyst 
188 @oecscce e 17.6 0.2 { BO jl ob OD « 
1/ Volumes of synthesis-gas per volume of catalyst per hour. 


EE 
& 


90.8 


10. Studies of the rates of carbiding’ of. cobalt catalysts by :carbon 
monoxide, of hydrogenation of the carbide, end of, the eal have yielded 


é 
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some information concerning the temperature and pressure dependence of these 
rates. In experiments in which the catalyst testing converters described 
above were used, the temperature coefficient of the synthesis rate on a co~ 
belt catalyst was measured by determining the space velocity necessary for 
70 ‘percent contraction at severel temperatures in the range of 175°-200° Cc. 
From the temperature coefficients, the energy of activation was: calculated 
to be 24 = 2 kilocalories per gram molecular tee of 2H,,+100 reacting. 


Synthesis of Hydrocarbons from Hydrogen and Carbon Monoxide. 


‘Fischer-Tropsch Process Development 


A brief review of the Fischer-Tropsch process » including. some of in- 
formation contained in Repearee German ome has been publishea.&+ 


The synthisia® ‘of gasoline and Diesel oil from water-gas (a mixture of 
hydrogen and carbor monoxide) is accompanied by the evolution of a large 
amount of heat; namely, about 7,000 B.t.u. per pound of oil preduced. The 
temperature of the reaction ‘must be controlled within.a narrow range of about 
5° oc. (9° F.) to evoid excessive methane production. These specificetions 
necessitate rapid ond efficient heat trensfer from the ‘catalyst surfaces to 
some cooling medium. ‘The design of German converters involves the use of 
very narrow layers of catalyst and consequently very large amounts of. steel 
(ebout 15 tons per barrel of oil per day). Recent process destgns by United 
States oil-company engineers specify a turbulent bed of catalyst powder with 
| heat-exchange tubes in the bed, or a heat exchanger outside the reaction — 
‘zone, the catalyst suspension in the gas stream being passed from the con- 
verter through a heat exchanger and back into the converter. An even sin- 
pler process involving no internal metal heat-exchenge surfaces is in proc- 
ess of development in the experimental plant of tho Bureau of Mines. This 
process consists in injecting a coqling o11 along with the feed gas. The 
boiling renge of this'cooling oil is so chosén that it will vaporize upon 
absorption of heat from the catalyst surface... Early experiments with a 12- 
inch catalyst bed 5 inches in diameter showed that very precise temperature 
control was obtained, but that tne yield of oil per unit volume of catalyst 
per hour was erratic, and, although equal in amount to that of the Gérman 
designs, the space-time yield was mich lower than. the American "fluid-flow" 
designs just described. Part of the difficulty causing the low and vinta 


7 e & 2 


ay Golumbic, N., Review of Fischer-Tropsch and. Related Processes for Syn- 


thetic Liquid Fuel Production: Bureau of Mines Inf. ee 7566, 
1946, 2h BPs 
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Figure 29. - Fischer-Tropsch experimental plant with internally cooled converter. 
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The internally cooled converter previously described&2/ was redesigned 
and rebuilt to accammodate a catalyst bed 3 inches in diameter by 8 feet 
deep and to provide adequate control of all operating conditions, such as 
pressure, temperature, rate of cooling-oil circulation, space velocity » and 
rate of recycling of end gas. Provision was made, also, for sample with- 
drawal eat several points in the &-foot colwm. A photograph of the partly 
completed unit is shown in figure 29. ° | 


Experiments with counter-current flow of cooling oil and a pelleted 
Co-ThO,, Filter Cel catalyst showed that the maximm space velocity (volumes 
of synthesis gas per volume of catalyst.per hour) permissible without flood- 
ing 1s about 200, whereas exploratory tests with co-current flow indicated 
that space velocities of 600 or larger could be used without flooding. An 
additional advantage of co-current operation was a much lower yield of . 
methane and carbon dioxide than in the counter-current procedure. A recent 
co-current run opereted for 200 hours at a space velocity of 100 at 183° C. 
and 100 pound per square inch pressure yielded about ll kilograms of oil 
plus wax per cubic meter of catalyst per hour. The weight ratios of methane 
to oil plus wax and carbon dioxide to oil plus wax were, respectively, 0.20 
and 0.16 for this run, as compared with 0.44 and 0.34 for a counter-current 
operation. Experiments at higher Bpoee tere eee in co-current operetion | 
are in progress. | 


The process-development eboratory has been enlarged during. recent 
months as regards personnel, space, and equipment so as to conduct explora- 
tory "bench" or laboratory=-size experiments on geveral processes simul tane- 
ously. Three processes are being investigated; they are: 


dl. The Liquid-phase catalyst-suspension process in which a finely 
divided catalyst is dispersed in a fraction of Fischer-Tropsch oil whose 
boiling point at operating pressure is maintained slightly higher than the 
desired operating temperature. Cooling may be accomplished by evaporation 
of oil or by circulation of a cooling fluid through en internal heet ex- 
changer or by a combination of both types of cooling. Detatled plant have 
been completed for a 3-inch-diameter converter to have a maximum capacity 
of 2 liters of catalyst suspension and operate at 20 atmospheres pressure. 
Porous disks fabricated of sintered iron powder have been found suitable | 
for distributing the feet gas. Special methods of producing extremely fine- 
ly divided catalyst powders have bcen developed for use in this process. 


@ oe %o: 2 


experiments in glass equipment were made with silica gel microspheres. One 
of the important variables is the manner in which the gas is introduced. 
Thus far, ‘the best results have been obtained using a& cone containing a 


~, _Fieldner, A. C., ‘Fisher, P. L., and Brewer, R. E., Annual Report of 


Research: and Technologic Work on Coal, Fiscal Yeur ‘TOA: Bureau of 
_ Mines Inf. Circ, 7322, 1945, 79 pp. 
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fixed filter or gas distributing disk. Comparison of the quality of the- 
fluidization is made on the basis of linear gas velocity, bed density, and 
bed resistence. Other variables to be studied are tube diameter, bed height, 
transverse baffles, and other dispersion devices, and particle size and its 
distribution. 


3. The hot-gas recycle process, in which all of the heat of reaction 
is carried out of the reaction vessel by the sensible heat of the gas, in- 
volves very large recycle rates of the order of 50 to 100 parts of a aa 
gas tol part of fresh gas. 


Coal tiation 


Experimental Plant 


The maintenance and mechanical design and assembly group.of the experi- 
mental plent has been greatly improved as a result of greater availability 
of suitable mechanically adept personnel during the past year. Soveral 
additional autcmatic controls, such as high-pressure flowmeters, liquid- 
level controllers, and automatic alarm devices, have been installed. Re- 
action baskets were designcd anda used in most of the operations. These are 
fabricated of ordinary steel, and when coking occurs they are replaced by 
.new baskets, thus avoiding the time-consuming and laborious decoking of 
converters. The mechanical group has been active, also, in design of special 
spray devices for atomizing coal-oil paste, of special paste and hydrogen 
preheaters, and in construction of models to study mechanical features of 
the coal hydrogenation process. 


Further work was done on the production of a heavy ("Bunker cn type) 
fuel oil, using a pressure of 3,500 pounds per square inch. Under this pres- 
sure it was found possible to increase the throughput to about five times. 
that at 1,000 pounds per cquare inch, using the same catalyst and tempera- 
ture conditions in the converters. In the recent operations at the higher 
pressure, the hydrogen consumption was about the seme as at 1,000 pounds 
per square inch. Data were obtained, also, for the increasé in throughput 
. with increasing reaction temperature. In the runge of 420°-460° C., the 
throughput could be doybled for every 20° C, increase in reaction tempere- 
ture. The effective contact times at different reaction temperatures and at 
3,500 pounds per square inch pressure were as follows: 


Temperature, on CeCe recoreoeroreors 420 LO 460 . 

Contact times, hours ecovesneoboceoe 1.05 0.55 0.25 

Hydrogen absorbed, percent of mois=- 3 
ture and ash-free coal .eseseese 4.60 siS5 are 


Another ob jective of several runs in the experimental plant: was to deter- 
mine the importance. of. the extent of the gas to liquid interface in the first 
_ stage of coal hydrogenation. Two converters in series (see fig. 30) were 
packed with 1/2-inch coke, and the operation was conducted so as to produce 
chiefly fuel oil. The coke pecking occupied about 50 percent of the con- 
verter volume, Coal-oil paste (see fig. 31 for photograph of paste-pump 
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assembly) and compressed hydrogen were ineveaubed. at the bottom of the first 
converter and moved upward through the column of coke. The overflow from a 
standpipe in the first, converter was conducted to the bottom of the second | 
convertor. It was found that only about. one-half as much throughput could 
be maintained as’ was possible in an operation without-the coke packing but 
otherwise ‘identical with the operation just-described. A amaller size (4 to 
-8 mesh) of coke packing did not result in any observable increase in through- 
put. It is apparent, therefore , that breaking up the size of the hydrogen 
bubbles by the coke packing did not increase. the rate of coal hydrogenation. 
An appreciable decrease in the amount of hydrocarbon gas produced was noted. 
in the packed. converter eystom as compared with the unpacked. ' 


To obtain a much larger increase in gas ta Ligquia interface than in the 
syBtem described in the previous paragraph, the preheated coal-oil paste was 
introduced at the top of column of coke, so that it would percolate down 
through the packing. In this fashion the entire surface of the coke, covered 
with a film of. coel-oil solution, was exposed to hydrogen. Tho contact time 
at reaction temperature in this mode of operation was much smaller for'a — 
given throughput than in that described in the preceding paragraph. Even 
at one-half of the throughput used in. the normal: mode of operation » very 
serious operating | difficulties were encountered with the percolation opera- 
tion. After the seventh recycle batch, the amount of solids in the crude 
heavy oil .was.so high that centrifuging wes difficult. Residual solids 
built up vin the coke packing, so that the free space was reduced to such an 
extent that there was insufficient contact time for efficient: hydrogenation. 
Addition of light oil to the pasting oil failed to improve the operation. 
Apparently. the increased gas to liquid interface did not increase the rate | 
of coal hydrogenation sufficiently to compensate for the greatly reduced con- 
tact ‘time at reaction temperature. in ious aaa 

“ane experimental plant was aier sted also.in. sane’ } preliminary runs on 
the possibility of using ao fixed catalyst to. accelerate the conversion of 
heavy o11 to middle oil (or "gas oil"). It wes thought that if tho fixed 
catalyst were preceded by a bed of adsorptive. material on which the nonvola- 
tlle oxygenated fractions of the heevy oil would be retained, rapid catalyst . 
deterioration could be avoided ond the nonvolatile conetituents periodically. 
dissolved by flushing the purificaticn:bed with a suitable solvent oil. It 
was found that o molybdic acid-on-alumina .catclyst could be kept active for © 
about 10 days in such o system, ond that periodic flushtngs would be neces- 
sary every 4 or 5 diys. Continuation of this:..research has been postponed . 
until more information is available on the "steady-state" concontration of. 
nonvolatile oxygeneted compounds in liquid-phase coal hydrogenation and on > 
their solubility in various light-oil fractions. 


Experiments in Small Autoclaves 


A series ee was concerned with the solvation and depolymeri- 
zation of coal. Tables 27 and 28 present data fram various solvation 


86/ Orchin, M., and Storch, H. H., Solvation and Hydrogenation of Cuel: 


Ind. and Eng. Chem. (In ii atari 
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experiments. One atmosphere of hydrogen was present in ell these experiments. 
In the experiments presented in table 27, the autoclave contents ofter re- 
action were. transferred directly to centrifuge bottles, and the insoluble 
meterial was separated by centrifugation. The residue from the centrifuga- 
tion was then extracted exhaustively with benzene, and the dried insoluble 
meterial was enalyzed for ash to determine. the percentage of liquefaction. 
In the experiments presented in table 28,-the autoclave contents were poured, 
after reaction, into benzene, and the benzene mixture was centrifuged. ‘The 
insoluble residue was exhaustively extracted and analyzed for ash to deter- 
mine the percentage liquefaction. A comparison: of experiments BK-98 and 
BK-99 in teble 27 shows that under the: same conditions o-cyclohexylphenol 
gives better liquefaction than tetralin. Comparison of BK-88 with G-68 
indicates that tin sulfide and ammonium chloride .have a deleterious effect 
upon the rate of liquefaction. Comparison of G-68 with BK-94 shows that the 
_rate of liquefaction is unchanged’ with a small increase of the cycloheryl- 
phenol-to-coal ratio. Tho results recorded in table 28 indicate that dilu- 
ticn of the product of the reaction with benzene causes the precipitation 
‘Of additional benzene-insoluble materiel, resulting in .lower liquefaction 
yields. Comparison of G-&0-in table 28 with -G~68 in table 27 indicates the 
magnitude of this difference. Canperison of G-74 of table :28 with BK-98 of 
table 27 indicates that the difference in working up the product effects 
-the results with tetralin less than it does with o-cyclohexylphenol. 


The results of these agperinents can be corrolat ted satisfactorily if 
one assumes that liqunefaction in these experiments results principally fron 
solvation of the coal by the solvent molecules. It is assumed that the 
coal structure is held together by secondary valence forces, which ‘cause 
association of the coal polymer units. The association is assumed to be 
due to hydrogen bridging such as that that occurs in oxygen- and nitrogen- 
containing compounds. It is known thut water, formic acid, acetic acid, 
end many other oxygen-containing compounds are associated. This cssociceticn 
results from hydrogen bridging in which the H 

: . 2 : t 

- R-O-H 30 -R 

oxygen atom functions as an electron donor and the hydrogen as an electron 
acceptor to form a coordinate valence bond. Hydrogen. bridging of this 
intremolecular type has important influence upon the: physicel properties of 
supstances. ' Rodebush has’ stated in this connection that "it is. remarkable 
that, as weak and relatively unstable a bond as the hydrogen bond is, it 
can affect physical atrength ond other inportant physical properties." It 
has been shown that natural polymers such as ‘protein and cellulose depend 
for their structure to a eunesceteire degres upon .cross aanOGee of hydrogen 
bonds «. So 
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, vehi-| lique- 
Rum | cle {faction 
No. . Vehicle : coal eect 

=- Tetralin . 2.50 percent SnS 1 
~~. | | 0.55 percent NH,Cl | 
BK-& | Tetralin | 2,50 percent SnS 1 ! 4 
ns 0.55 percent NH,Cl 
BK-98 | Tetralin 2.50 percent SnS 1 | hy 
} 0.55 percent NE},Cl _ 

BK-99 | o-cyclohexylphenol 1 2.50 percent SnS 1 |; 4 199 

| - < 0.55 percent NH),Cl | | 

BK-88 | o-cyclohexylphenol — 2.50 percent SnsS 1 4 T4.5 

| 0.55 percent NH),Cl | 

BK-94 | o-cyclohexylphenol . = None a 4 3 82.6 

G-68 | o-cyclohexylphenol | None 05; 4& €1.6 

BK-100| o-cyclohexylphenol _ None 05! 4 82.7 

BK~106; 5-hydroxyl-1, 2, 3, 4- | | 

tetrah drona phthalene None 1 O. 88.0 


In these experiments, the bomb contents were poured directly after the 
reaction into a ee bottle veuncut oe addition of any benzene. 


TABLE 26, - - Solvation experiments at 400° c, 


| : | 'Ratio, |Percent 
. vehi-| lique- 


Run CO | | | .Time,| cle |faction, 
No. | ss Velidecle —- | Catalysts ~hours| coal jm.a.f.t 
BK=-96 | U.S.P. cresal ? _ None 0.5 22.0 
BK-97 |U.S.P.: cresol — None2/ | 200.5] & | 13.5 
G-74 | Tetralin | _. None 0.5 4 50.2 
BK-93 | o-ayclohexylphenol . . _. None ! 2.0 1 40.5 
G-80 | o-cyclohexylphenol | None 0.5 4 63.7 
G-76 50 percent tetralin, 50 percent | : | 
o-cycl chexylphenol None. 0.5 4 56.0 
G-70 1 p-cyclohe Lphenol 7 | None 0. h. 60.2 


1/ In these experiments, the bomb contents were washed out with benzene and 
the benzene suspension was centrifuged. 
2/ 1,000 P.8. 1. nitrogen was used in this experiment. 


The piriieing effectiveness of o-cyclohexylphenol as a coal solvent may 
well be due to its ability to form hydrogen bridges. ,If the coal structure 
is held together by hydrogen bridges’ , then a substance which itself can form 
hydrogen ‘bridges would be expected.to solvate the coal, Tetralin lacks this 
property of forming hydrogen bridges, and so,is less.effective than o-cyclo- 
hexylphenol. If compoyhdas capable of. forming hydrogen bridges are, per se, 
good solvents for coal, one might expect the cresol would benave as a good 
solvent. Experiments BK-96 and BK-97 show, however, that cresol is a very 
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ineffective solvent for coal. Its inferiority can, however, be satisfactor- 
ily expleined on the basis that it has no hydrogen available to saturate the 
fragments of dissociated coal. Tetralin, which lacks ea hydrogen-bonding 
group, is superior to cresol, probably because it can function as a hydrogen 
donor. That it, indeed, does this has been convincingly demonstrated by the 
fact that about 8 percent of the tetralin used in experiments G-74 wag cm- 
verted to naphthalene. Further substantiation of the necessity of hydrogen 
for good liquefaction is found in the experiments listed in table 29. In 
these experiments, high-pressure hydrogen was used. The results of experi- 
ment G-71 are particularly interesting. Though cresol is a very ineffective 
solvent without hydrogen (cf. BK-96, table 28), it produces excellent lique- 
faction in the presence of hydrogen. The hydroxyl group aids in the disso- 
ciation of the coal, and the high-pressure hydrogen saturates and stabilizes 
the dissociated fragments. The offect of catalysts in the hydrogenation ex- 
periments is in marked contrast to that in the solvation experiments. Ex- 
periments BK-92, GB-65, and GB-66 were run under identical conditions, ex- 
cept that increasing quentities of ammonium chloride were used. The increased 
ammonium chloride resulted in increased liquefacticn and increased hydrogen 
consumption. The effect of tin sulfide is illustrated by comparison of 
G-67 with GB-66. In the former case, no tin sulfide was used, whereas in 
the latter the presence of 1 percent tin sulfide increased Liquefaction 
about 12 ‘Percen nt. 


TABLE 29. - Hydrogenation experiments at 400° C. and 1,000 p.s.i. 
: initial hydrogen pressure 


| | Ratio, | Percent :lhique- 


Run . Percent Percent | Time ,» {vehicle jfaction, m.a.f. 
No. . Vehicle Sns NHC 1 hours coal basis 
M-3 Tetralin 1,0 | 0.55 1 : ies oh FY 
G~67 |o-cyclohexylphenol | 0,0 | 0.55 1 i 1 7839 
BK-92 | o-cyclohexylphenol 1,0 0.0 Bl 1 ‘80.0 
GB-65 | o-cyclohexylphenol | 1.0 O11 | a 1 85.0 
GB-66 | o-cyclohexylphenol 1,0 0.55 1 1 90.7 
G-69 |p-cyclohexylphenol | 1.0 0.55 1 1 88.4 
G=-75 Coal hydrogenation tar 
acids 1.0 Q.55 |°1 1 90.6 
G-82 |Pasting 0112/ 1,0 0.55 | 1 1 84.7 
G-77 {Petroleum ether, ex- | | | 
tract, of pasting | 
Be), | 1.0 1 
G-78 {iSame as G-77 1.0 4 
G-71 |U.S.P. gies | 1.0 : 7 
ower 2, 3, 4,-tetrahydro- | 
~hydroxynaphthalene| 1.0 0 


me tar acid fraction from a light oil from the hydrogemetion or" 
was separated and the fraction bsp. 220-290°, used as vehicle. 

2/ A typical pasting oil from a coal-hydrogenation Plant. 

3/ A petroleum ether extract of ‘the above, 
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From a sone idesation of the ‘data » it 4e- nei that ‘in oe coal-hy- 
drogenation process the coal structure is:held together by ‘associative — 
forces of the hydrogen-bonding type,. and: that hydrogen-bonding solvents are 
. effective vehicles for coal hydrogenation reactions. In the absence of 
high-pressure. hydrogen, the solvent molecule must be capable of not only 
dissociating the coal, but it must also serve as a source of nyeogen to 
saturate the - ieee et eee ‘fragnents of the coal structure. 


: Sane of the @eaaenee thet suggests that the coal-liquefaction process 
eavonlce the breaking of hydrogen bonds dn the coal is listed below. 


aS The magnitude of the difference in Liquefaction. results aiex the » 
two different methods of working up.the bomb. contents aie used in the 
‘cases of tetralin and o-cyclohexylphenol as vehicles. This results from 
tho greater quantity of matorial precipitated upao dilution with benzene of 
‘the coal solution in o-cyclohexylphenol, as compared to the precipitate — 
obtained when the coal in tetralin a is diluted with benzene. © 


2. The precipitate obtained. by dilution - with benzene of the coal in 
o-cyclohexylphenol has a rece oxygen. content than jshe corresponding pre- 
‘cipitate obtained from tetralin, 


J60 Catalysts do not improve the. liquefaction when solvents are used 
without ae alee hydrogen. 


he inercas ina the vehicle-to-coal itl: increases the liquefaction in 
solvation experiments, whereas under certein conditions the increase has no 
effect in hydrogenation experiments. 
. Se U. S. P. cresol per Be is a poor solvent for coal, but produces ex- 
cellent liquefaction in the presence of aaa ah hydrogen. ; = 


6. The concomitance of liquefaction end oxygen eieiaetin sSuggosts 
oxygen is involved in the linking of the coal polymer. 


ve Catechol has been shown to ‘produce low. molewylar’ weight fragnents 
fran humic Bord, by the simple. process Of poration: fe a on! 


—«6Be Solutione of coal in c-eyel chexylphencl arc. very stable end can be 
kept without appar ee change. . 


Identification of Peoaucts of Coal iyarogenatiaa and Study of x ical. Reac- 


tions Involved in = Process 


Organization of’ ‘the personnel na erection and standardization of equip- 
ment for the precisim distillation laboratory were completed. The equipment 
includes a 3-inch by 20-foot, stainless-steel, Foster-Wheeler distillation 
colum with Stedman: ‘packing end a 25-gallon boiler. ‘This is to be used for 
the initial distilletio of synthetic liquid-fuel ‘oils. The fractions: 
obtained by the use of this stil. will be subjected to igeesneraretioust 
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by sevestive adsorption on silica gel. The pure types of. hydrocarbons are 
then. diutilled in one of severel vacuum~jacketed precision “glass columns. 
For the 1a@entification of the pure fractions obteined by use’ of these colums, 
their characteristic physical constants (freezing point, refractive index, 
etc.) and the melting points of pure, crystalline derivatives are measured. 
Most aromatic polynuclear compounds such as are contained in coal hydrogena- 
tion oils form complexes with picric acid and with 1, 3, 5,-trinitrobenzene. 
These complexes usuclly are crystalline solids with sharp melting points. 
The use of picric ecid and trinitrobenzene for the carecterization of high 
molecular weight poljmuclear compounds suffers from the disadvantage that. 
the hydrocarbon is relatively omly slightly soluble and often precipitates 
before the conplex, or it is precipitated jn excess on the canplex compound. 
It was found that 2, 4, 7,-trinitrofluorenone is a much better reagent,. and 
the molecular complexes of this compound with 26 pure uclecr hydrocar- 
bons were prepared - ond their melting points determined | . 


For the characterization of coal-hydrogenation oils boiling above 300° ¢., 

precision vecuum distillation is desireble. Because no satisfactory stand- 
ards have been established for distillation efficicncies of vacuum stills, 
s search is being m.de for a two-component mixture of oils which is suiteble 
for such standardization work. Vapor pressure data were obtained for cyclo- 
hexylcyclopentane, n-dodecane, and different mixtures of these compounds. 
Similar date are ppeAne obtained for tridecene and dicyclohexyl 


The presence in coal hydrogenation and -coal carbonization eee prod- 
ucts of polynuclear hydrocarbons with several fused rings sometimes has bea@m 
used as evidence that such structures exist in the original coal. The possi- 
pility that polynuclear hydrocarbons ‘containing many rings mey be formed by 
dehydrogenation and cyclization of polynuclear hydrocarbons containing a 
smaller number of rings, or of the alkyl derivatives of such smaller ring 
- systems, oF | been epee ‘end several such Bynchedee have ‘beert demon- 
strated. 


Cherecterization of. Liane — 


Preliminary Sincectenection of the Light oil obtained as e minor prod- 
uct in the low-pressure: hydrogenation of Bruceton: ‘coal was accomplished by 


Orchin, M., and Woolfolk ; E. Ow, Molecular Complexes with 2, 4, 7,-Tri- 
-nitrofluorenone: Jour., Amer. Chem.-Soc., vol. 68, 19K6, pp. 1727T- 
1729. | 

Orchin, M., end Feldman, J., The Isomerization of Dicyclohexyl: Jour. 
Amer. Chem. Soc., vol. 68, :1946, pp. 2737-2738. , 

Orchin, M., Apparatus for ‘Small-Scale Vapor=-Phase Treatment of Solid 
Compounds : Ind. and Eng. Chem., anal. ed., vol. 17, 1945, p. 673. 

Orchin, M., Aromatic Cyclodehydrogenation III. Experiments with 2- 

_. Ethylbiphenyl: Jour., Amer. Chem. Soc., vol. -68, 1946, pp. 571-2. 

Orchin, M., and Friedel,.R..A., Aromatic Cyclodehydrogenation IV. Ex- 
_ periments in the. Dinaphthyl Peoeen Jour., Amer. Chem. Soc., vol, 
68, 1946, pp. 573-4. | 

» -Orehin, M., and Reggel, L., Aromatic Cyclodehydrogenation YY. A Synthe- 

sis of Fluorenthene; Jour., Amer. Chem. Soc. (In press.) 
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separating the oil ‘into neutral, acidic, and basic ‘feacticns 90/ | The tar- 
acid fraction was cauposed of about the same ratio of individuol tar acids 


‘as the similar fraction obtained by high-temperature carbonization. .The 
tar-base fraction contained ane? quanvesses of aniline and the toluidines. 


Only the neutral 611 boiling Nelow 175° wag investigated. Low-pressure 
hydrogenation of. this fractio facilitated the separation of the neutral 
fractia into aromatic y. paraffin, end napthene-type compounds. After sepa- 
ration by selective adsorption dn activated silica gel, the aranctic por- 
tion was found to contain a ea ethylbenzene, xylenes, and a smol. quan- 
tity of benzene. 3 


The paraffin-napthene. portion, of the neutral fraction was estimated to 
contain 74 percent napthenes and: 26 percent paraffins. All the normal 
paraffin hydrocerbons fram hexaneto decane were present. Ths napthenes in- 
cluded cyclopentana and cyclohexane. Methylcyclohexane wus the dominant 
component, being present to the extent of about 12.5 percent of the total 
paroffin-napthene fraction. More thon 40 percent of the total light oil 
boiled above 175° C., ie oi , a ee 


FOREIGN FUELS 


On October l, 1945, the tecnerscts functions and activities of the 
Liquid Fuels and Lubricants end the Solid Fuels Subccmmittees of the Tech- 
nical Industrial PAU SL Bence: vue pier were given to the Bureau of Mines. 


These subcommittees were established for the purpose of investigating 
the German technologic developments in their respective fields. The Liquid 
Fuels and Lubricants Subcommittee was organized in the fall of 1944, and 
its first group of investigators » under the direction of Dr. W. C. Schroeder, 
entered German synthetic oil plants as soon as they fell into the possession 
of the Allied troops carly in.1945, Virtually the entire contingent of in- 
vestigetors errived in Europe cnd began conducting eer investigations 
in German and liberated territory prior to V-E da;. 


The Solid Fueis Subcommittee was patterned along the same lines, and 
its first investigators, operating under the guidence of Dr. Harry F. Yancey, 
entered German mines and coal-processing plants prior to the cessation of 
actual combat. 


The members of Both Guncomlttees were recruited fran ‘the Bureau of 
Mines, the Petroleun Administration for War, the universities ’ and ae 
indugtry. ~ . ; 


The Liquid Fudls end sae group, which consisted of the follow- 
ing 30 authorities in the petroleum field, conducted investigations on the 
many phases of oil produetion..cnd refining. Those included ell production 


Kaplan, BE. H., Storch, H. H., and Orchin, M., Hydrogenation and Lique- 
factidn of " Boal... - Part, V..- Characterization of Light Oil: Bureau 
of Mines Tech. Paper 690, (1946, 18 pp. 
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ane resoarch ‘work on aviation: ‘gasoline, motor gasoline, Diesel and fuel oil, 
08 well as such byproducts es synthetic lubricating oils, soaps , fats, de- 
tergints, alcohols, nee pubacrene) y ond many ophere broduced from oil, 

* coal, and shale. 


Liquid Fuels and pebichstoe hae 


Allen, Jchn G. : | Phillips ‘Petroleum c0., 
| ae Bertlesvilte, Okla. 


Atwell, Harold V. - The Texas Co., 


_ Beacon, N. Y. 
Baldeschwieler, E. L. -. ss Standard O41 Development Co. , 
Ss ; ; Baywey, N. Je 
Bays, George 8. _ 2» ” Humble ‘(O11 & Refining Co., 
eo a | . Baytown, Tex, 
Carlenith, Leonard E. Standard O11 Co. of Louisiana, 
na Beatan Rouge, La. 
Cottcn, Ernest |. Gulf O41 Corp., “ee 8 
| . Sas Pittsburgh, Paes... 
Doherty, Joseph D. Bureeu of Mines, 
| | ae Washington, D. Ce oo, 
Evans, L. P. .: sgt as, | Socony Vacuum O12 Co, | 
| , the <i Paulsboro, N. J. _ 
Faragher, | Warren F. a : Houdry Process Co. “a 
Fraser, Donald S. | Gulf O41 Corp. , 
: . : Pittsburgh, Pa. 
Haensel, Vladimir — Universal 011 Products Co., 
: _ “Riverside, Ill. 
Hirst; Lester L. . Bureau of Mines, 
noe swe Fe «lee . Louisiana, Mo. 
Horne, Willian A. Gulf Reseurch & Development Co., 
a Pia 42 Pittsburgh, Pa. 
~ Jones, Irvin H. oe The Koppers Co., Inc., 
ites ye 2. % | | _ Pittsburgh, Pa. 
Jones, Jean P, : | , Phillips Petroleum Co. ’ 
. = Bartlesville, Okla. 
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Kuhne, Paul K. 


Mackusick, Byron L. 


Mandelbaum, M. R. - 
Nevmon, Louis L.- 
Odell, William W. 
Powell, Alfred R. 


Schindler, Hans 


Schroeder, Wilburn. C. 


Sherwood, Peter W. 
von Elbe, Guenther 
Voss 7 a F. 
Voir ; ee M. 
Rogers , Edward Py 
Peck, E. B. 


Opal, Earl 
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Gulf Oil Corp., 
Pittsburgh, Pa. 


The Pure Oil Co., 
Winnetka, Dll. 


Kenyon & Kenyon, 
New York, N. Y. 


Bureau of Mines, 
Washington, D. C. 


Bureau of Mines, 
Washington, D. C. 


Koppers Co., Inc., 
Pittsburgh, Pa. 


Pure Oil Co., 3 
Winnetka, Dl. 


Bureau of Mines, 
Washington, b. C. 


Mellon Institute of Industrial Research, 
Pittsburgh, res 


Bureau of Mines,- 
pave ene ‘Pao. 


Hunble Oil & Ref ining Co., 
Houston » Tex. 


Consulting Petroleum Engineer. 


Bureau of Mines, — 
Pittsburgh, Pe. 


Standard Oil Development Co., 


Now York, N. YX. - 


Petroleum Administration for Wor > 


_«:,Dhe solid fuels group,’ which consisted of eight men who are leaders in 
-the field of solid-fuel technology, was engaged in conducting investigations 
: Om. researeh and technology of mining, cool preparation, high- and low-tem- 

_ perature. carbonization, byproduct recovery, complete gasification, including 
underground gasification; domestic and industrial coal and coke comiuecn ; 
ges-turbine operation, and many other related subjects. 
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solid Fuels 
Buch, John W. | , 2 Bureau of Mines : 
Wilkes-Barre, Pa. 
Driessen, Maximiliean G = .-.. Dutch State Mines. 
Fraser, Thomas . Bureau of Mines, 


Washington, D. C. 


Lowry, Homer H. Ge Carnegie Institute of Technology, 
e. 4 Pittsburgh, Pa. 


Reed, Frank H. State of Illinois, State Geological 
- Survey Division, Urbana, Il. 


Rose, Harold J. OS ; . Bituminous Coal Research, Inc., 
| Pittsburgh, Pa. 


Schmidt, Laurence D. ba. Bureau of Mines, 


Yancey, Harry F. | | Bureau of Mines,.” 
ee Seattle, Wash. 


. Although the major portion of the work of direct investigation of both 
teams was completed. before the end of the fiscal. year, it has been found ne- 
cessary for two investigators to remain in Germany after the end of the 
year to continue with the investigation of a large volume of documents and 
the procuring of samples of catalysts and products and specimens of impor- 
tant pieces of machinery and ie cap Other investigators will be needed 
in the near future. os 


As a result of the investigations, many reports have been written, and 
documents supporting them have been accumulated. A few pieces of apparatus 
and many samples of catalysts and products have been collected. The infor- 
mation obtained covers the results of many years of research by leading 
technologists in Germany. To obtain this information independently, at 
least 5 years of research work by the staffs of many of the petroleum and 
coal research laboratories in the United States and the expenditure of many 
millions of dollars would be required. 


The technical files and the samples of equipment, catalysts, and inter- 
mediate and end products were turned over by the Liquid Fuels and Lubricants 
and the Solid Fuels Subcommittees to the Bureau of Mines, which has the re- 
Bponsibility of indexing and digesting the files » Studying the equipment and 
‘analyzing the catalysts and products, and releasing the information to the 
public ih accordance with Presidential Orders 9568 and 9604, which direct 
' that, so far as it may be done without prejudice to public interest, indus- 

trial. information withheld from public dissemination for the purpose of 
national military security be released to United States industry. - 
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Hl’ accomplish thia ond, the Frei Sn etis Liguid Riers Division 
was, establighed ta process and maintain information on both liquid and 
solid fuels. , Facilities wore provided.for storing and exsmining microfilm 
reels of the source documents. captured in Germany. Liaison was established 
with the” Joint, Tntelligence Objectives Agency, the War and Navy Departments, 
and the OPfice’ of Technical Services (previously known as Office of the Pub- 
licatia Board) in the Department of Cammerce to obtain copies of ‘all re- 
ports relating to fuels.and lubricants and other subject. matter for, dis- 
tribution.to.the various branchos. of the Bureau of Mines and for reforence 
collection open, to, the. _goneral public. Considerable use has bosn made of | 

ig: rlibrary.. by. employees of coal, oil, and chemical vormnen ee t otoleearind 
of their rés earch orgenizetions ; 

Bor’ the benerit of. those ‘who could not conveniently make. usa of. the | 
Library facilities, ; arrangcments were made for the Library of Congress to 
provide-copics. of the microfilm roels.. By the end of the year, 153 reels 
covering. the, entire: ‘field of interest of both subccmmittees were deposited, 
in, the. Library. of Congress » and. indexes to these reels , together with in- 
struction. for their purchese, were sent out to a mailing list compiled by 
the former Technical rere Comittce of the Petroleum Administration — 
WOR, 


To make “the reports written by the members of the ieetea cing teams 
more readily, availeble outside of the library of the division, the reference 
copiés Yelating. to fuels and lubricants were reproduced on microfilm reels, | 
which have been added to the series on deposit: in the Library of Congress. 
Many of these reports have been previously distributed in mimeographed forn . 
prepared by the Tochnical Advisory Committee. Three of them have been re-. 
produced by the Bureau of es stributed to the mailing ss and to 
visitors to the Tbeary aL 52/,, 937 | a oe 


The avetlability of these reports has been announced in the Bibliography 
of ‘Scientific and Industrial Reports issued weekly by the Office of Techni-. 
cal Services in-the Dopartment of Coymerce. Every opportunity was used to 
publicize this bibliography.and the services available in the Office of Tech- 
nical Services in correspondence relating to reports and at meetings of 
technical societies and. | trade associations such as the American Institute 
of Mining Ingineers ;: ‘American Chemical Society » American Petroleum Institute ‘ 
i the, america Byproduct Coke institute. fe 


'- Fol .j Report on Tnvestigations by Fuels ona Lubricants Teams at. ; 
athe Te €. Farbenindastrie A. G. Works at Leuna: ..C.I.0,S. Report” |. 

-KKKEI-107 , Item 30, 1945, 140 pp.; Bureau of Mines Inf. Circ. 7370, 
* -3946;-135 pp. -“T30.M. ‘Reel 197 

92/ Hollings, H., Wintershall A. G., Litzkendorf, near Micheln, Germany: 
C.I.0.S. Report XXXII-90, Item 30, 1945, 37 pp.; Bureau of Mines 
Inf. Circ. 7369, 1946, 21 pp. 1.0.M. Reel 197. 

93/ Faragher, W. F., and Horne, W. A., Manufacture and Regeneration of Cata- 

SYS ae TT Fapbonindustrio Ludwigshafen /Oppau?.” F.2.A, BesReport’. 
_ "Nos: 422, 1945, 6-pp.3;Bureau of Mines Inf. Circ. 7368, — 6 pp. 
T.0.M. Reel 199. eee 
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Emphasis mist be placed on the fact that the reference library at its 
inception consisted of manuscript. copics of the reports furnished “by the 
investigators long before the michinery could be esteblished for the repro- 
duction of these items. Similarly, approximately 90 percent of the micro- 
film material was obtained prior to the establishment of the Field Intelli- 
gence Agency - Technical at Hochst (FIAT), from which a steady flow of re- 
- ports and microfilms is being received. 


With the active sponsorship of the American Petroleum Institute, a 
Film Study Group was established for the purpose of scanning the microfilm 
reels ond abstracts, and, where warranted, to completely trenslate the mate- 
rial appearing on the microfilm reels. Reports.on approximately 50 reels 
were completed by the Film Study Group before the end of the fiscal year. 
Thirty-one of these reports have been reproduced on microfilm reels, which 
are included among those on deposit in the Library of Congress. 


Provisions for examining the somples of catalyst and intermediate | and 
end products heve been made by a speciel committee established by the Techni- 
cal Advisory Committee of the Petroleum Administration for War. The active 
work of distributing the semples to the appropriete analytical. groups has 
been conducted by the organization functioning in Pittsburgh under the | 
supervision of Dr. H. H. Storch. Results of these analyses have just begun 
to come in and will also be disseminated by the microfilm route. 


Tue activities of the division were well-received by the mining, oil, 
gas, and chemical industries, government agencies, and the universities. — 
The value of this work is attested by the number of visitors making exten- 
Sive use of the library facilities of the division and the prodigious amount 
of work donated by the Film Study Groups, which are composed of teams oper- 
ating within the research organizations of some 30 leading oil companies : 
fuel-processing-equipment companies, and the Bureau of Mines. This is fur- 
ther attested by the enthusiastic cooperation of the groups -in :the analyti- 
cal laboratories of the oil companios, the Aberdeen Proving Grounds of. the 
U. S, Army, the Bureau of Standards » ond the Bureau of Mines, who are volun- 
tarily working on the samples of See — One ene a large variety 
of chemicals, 


. Literature Teena iAe Sone. ‘and Abstracts 


The Research end Development Division has eek translating and obstract- 
ing information on synthetic liquid fuels contained in captured German docu- 
ments. A preliminary report on the status ‘of Gemmen, f velopment work on the 
Fischer-Tropsch and related processes .was published. of? Translations were 
made of documents that present in sane. detail the results of research work 


Storch, : R., and Kwall y Bie Vag Fiacher-Propech Report 
No. 1 of the Ue Se Government Technical oil Mission, Sn-MC=-1, T.0.M. 
Now De 
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on the Fischer-Tropsch process done at the Kaiser-Wilhelm Institute fur 
Kohlenforschung22/ and by the I. G.. Farbenindustrie, A.. G. 


Coal-Hydrogenaticn Information fron Captured German Documents 


| The informatio from Germany has been rather complete in providing a 
description of the German Synthetic Fuel Industry. The picture has been 

- Clarified quite well as regards plant and equipment operation and produc- 
tion: problems. In addition, a great deal of factual data on unit and equip- 
ment design with, in many instances, material and heat balances, have per- 
mitted calculation of approximate thermodynamic and physical constants, 
heat-transfer rates, and heats of reaction. The use of this calculated in- 
formation is assisting in the evaluation of necessary design data for the 
demonstration plant. 


The mechanical engineering information gleaned from the Germans has 
assisted us by giving us some information on high-pressure design, partic- 
ularly on handling erosive fluids. Rether complete drawings of valves, 
piping details, converters, and preheaters often have had more then mere 
descriptive value. The use of rather low alloy-content steels for excep- 
tionally severe service has bean of great metallurgical interest. 


Fortunately, there is enough information to make possible a rather 
accurate economic study of German operating costs. These are valuable to 
our Research and Development Program as a base case for determining the 
econanic impact of changes and as an orienting influence on our attempts to 
improve the process. These data are being organized and studied very care- 
fully in Pittsburgh. 


95/ Leva, M., Translations of German Documents on the Development of Iron 


Catalysts for the Fischer-Tropsch Synthesis. Part I. T.0O.M. Reel 
101. Doc. P. G. 21559-NID, “Report on the Middle-Pressure Synthe- 
sis with Iron Catalysts, June 1940," 51 pp.; Doc. P. G. 2L5/4-NID, 
"Lecture and Discussion on Iron Catalysts for Middle-Pressure Syn- 
thesis by Dr. H. Pichler, with a preface by Director Franz Fischer, 
Sept. 9, 1940," 21 pp.; Doc. P. G. 21581-NID, “Recent Investiga~ 
tions on Iron Catalysts," 98 pp.; Doc. P. G. 21577-NID, “Research 
an the Behavior of Iron Catalyses when Operated with H,~Rich Syn- 
thesis Gas," 8 pp. 

Leva, M., and Atwell, H. V., Part Il. T.0.M. Reel 101. Docy P. G. 
21576-NID, "Process for the Production of Hydrocarbons (Patent 
Application)," 10 pp.; Doc. P. G. 21578-NID, “The Middle-Pressure 
Synthesis with Iron Catalysts, Sept. 9, 1939," 14 pp.; Doc. P. G. 
21579-NID, "Investigation of the Reaction Water Obtained from Mid- 
dle-Pressure Synthesis Experiments with Iron Catalysts and Hydrogen- 
Rich Starting Gas, F. Weinrotter, April 30, 1941," 12 pp.; T.0O.M. 
Reel 134, Navy 5811, Item IB-23 (first half), "Hydrocarbon Synthe- 
sis with Iron Catalysts, Leuna Works, April 5, 1940," 12 pp.; 
T.O.M. Reel 86, Bag 3979, Item 78, "Experiences with the Semi-Com- 
mercial Synol Research Plant ME-458 Report No. 472/44A, Leuna Works, 
October 10, 1944," 22 pp. Copies available in "ditto" form at 
Pittsburgh, Pa. 
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Although many engineering details of design and: operation of German 
coal-hydrogenation plants ure contained ih captured’ documents, there is 
little information on fundamental process. research. Only one film (Techni- 
cal O11 Mission Reel No. 145) -contains-a record ‘of resdéarch in the I.G. 
Farben Hochdruck Laboratory. The subjects discussed in these documents con- 
cern the behavior of various coals and a multitude of "trouble-shooting" eX- 
periments designed to solve immediate ‘production problems, but no systematic 
research designed to elucidate the fundamental chemistry of the process. 
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